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ABSTRACT 
The Navy Warfare Development Command (NWDC) and the Consortium for Robotics 
and Unmanned Systems Education and Research (CRUSER) recently co-sponsored a 
Warfare Innovation Workshop (WIW) from 19 – 22 September 2011 on campus at the 
Naval Postgraduate School (NPS) in Monterey, California.  This workshop was in direct 
support of the Secretary of the Navy (SECNAV) directive that CRUSER foster the 
development of a concept for unmanned systems (UxS) to be applied in a naval 
operation.  The results of the CRUSER WIW 2011 will serve as a basis for future 
CRUSER research, symposia, and experimentation. This report may also be an ―idea‖ 
bank for the entire CRUSER community of interest. This WIW leveraged the innovation 
lessons learned in previous workshops and was designed specifically to support UxS 
concept generation. Participants included NPS students and engineers from Navy labs 
and industry. They were asked to generate revolutionary concepts using rapidly evolving 
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The Navy Warfare Development Command (NWDC) and Consortium for 
Robotics and Unmanned Systems Education and Research (CRUSER) sponsored 
Warfare Innovation Workshop (WIW) was held 19-22 September 2011 on the campus of 
the Naval Postgraduate School (NPS) in Monterey, California. This workshop was in 
direct support of the Secretary of the Navy (SECNAV) directive that CRUSER foster the 
development of a concept for unmanned systems (UxS) to be applied in a naval 
operation.  The CRUSER WIW 2011 results will serve as a basis for future CRUSER 
research, symposia, and experimentation.  This report may also serve as an ―idea‖ bank 
for the entire CRUSER community of interest. Subtitled “Revolutionary Concept 
Generation from Evolutionary UxS Technology Changes,” this WIW leveraged the 
innovation lessons learned in previous workshops and was designed specifically to 
support concept development for UxS. Participants included NPS students, practicing 
engineers from Navy labs and industry, and visiting command representatives. They were 
asked to generate revolutionary concepts using rapidly evolving unmanned naval systems 
technologies.    
The specific directive given to participants was to generate ideas and concepts for 
employing UxS in dangerous and dirty environments to accomplish specific missions 
within the framework of a near peer scenario. Additionally, the WIW design team 
stressed that proposed solutions should emphasize current or programmed systems where 
incremental or evolutionary technical changes could have revolutionary operational 
effects.  
A scenario was given as a framework for discussion and mission generation. The 
scenario, titled “A Two Ocean War 2024,” contained the potential U.S. campaign phases: 
 Force Flow in  
 Extended Maritime Interdiction Operations 
 Establish Air Supremacy  
 Establish Maritime Supremacy  
 Amphibious operations 
 Post Combat Phase Operations 
 xviii 
Within this scenario, teams were asked to 1) choose ―a scene in the movie‖ to 
develop a concept, 2) develop as many as the team desires (any phase, any mission, and 
any technology), and then 3) brief their strongest concepts in order of strength, sharing 
their criteria for concept selection. For the selected concepts, teams were then asked to 
provide a technical description – as specific as possible using the engineering expertise 
provided to each team – and then articulate the strengths and weaknesses of each concept. 
Teams were also asked to retain a record of all their ideas for post-workshop review. 
Targeted participants included NPS students and faculty currently participating in 
some aspect of unmanned naval systems education (class work or thesis research), but 
recruitment was open to all students, services and nationalities. Participant diversity has 
proved to be a force multiplier in supporting innovation in past WIW efforts. 
Additionally, junior Systems Command (SYSCOM) engineers and selected engineers 
from industry were invited to participate. Confirmed attendees were then divided into the 
following four teams: 
 TEAM Big Dog:  NPS students and junior SYSCOM and industry 
engineers          
 TEAM Pirahna:  NPS students, newly-selected Naval War College 
Strategic Studies Group (SSG) Director Fellows, and junior SYSCOM and 
industry engineers  
 TEAM Talisman:  NPS students, newly-selected Naval War College 
Strategic Studies Group (SSG) Director Fellows, and junior SYSCOM and 
industry engineers 
 TEAM Silver Fox:  NPS faculty, visiting command representatives and 
selected senior engineers from industry  
During this same timeframe, CRUSER sponsored a meeting on campus for the 
Deputies of the Department of the Navy (DoN) UxS Crossfunctional Team (CFT) 
Integrated Product Team (IPT) deputies.  These concurrent events were planned to 
involve CFT members in the WIW program.  CFT members attended both the 
introduction to innovation on the WIW’s first day, and the final concept out-briefs. CFT 
 xix 
representatives also delivered a presentation on Mission Engineering to the WIW 
participants. Additionally, the official welcome and orientation for the newly selected 
Naval War College Strategic Studies Group (SSG) Director Fellows was held 
concurrently with the CRUSER WIW. This allowed the SSG selectees to participate in 
the CRUSER WIW, and energized the SSG leadership team who were able to observe the 
innovation workshop’s process and outcomes. 
This final report details the concepts generated by all four teams. From these 
innovative concepts, the CRUSER leadership team chose several and will invite industry, 
Navy labs, and academic researchers to demonstrate related technologies at a three day 
CRUSER UxS Technical Symposium in May 2012 on the NPS campus. The five concept 
areas under consideration include counter unmanned aerial vehicle (UAV); information 
assurance; intelligence, surveillance, and reconnaissance (ISR); knowledge 
management/data management; and non-kinetic strike. 
However, the diversity of ideas presented in this report can be of value to all 
government, industry, and academic personnel interested in UxS applications. Each team 
was asked to capture all their ideas, regardless of their evaluation of their merit. These 
additional concepts are all included in Appendix C of this report (see pp. 77-98). 
Two workshop emergent outcomes that are not necessarily related to concept 
generation, but are in line with CRUSER’s mandate, were 1) the advancement of general 
UxS knowledge among the participants; and 2) a greater appreciation for the technical 
viewpoints for officers, or the operational viewpoint for engineers. The information 
interchange and relationship building that occurred during this event are characteristic of 
the WIW venue, and also support CRUSER’s overall intent. 
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 1 
I. BACKGROUND  
“On behalf of NPS President Oliver, I would like to welcome you to our Consortium for 
Robotics and Unmanned Systems (CRUSER) and Navy Warfare Development Command 
(NWDC) Innovation Workshop. We hope that you are challenged by the week’s events 
and at the end we all have a better understanding of revolutionary concepts to employ 
rapidly evolving naval unmanned systems technologies.” 
CAPT Jeff Kline, USN (ret.) 
CRUSER WIW 2011 Welcome Letter, September 2011 
 
The purpose of this Navy Warfare Development Command (NWDC) and 
Consortium for Robotics and Unmanned Systems Education and Research (CRUSER) 
sponsored event was to provide a Warfare Innovation Workshop (WIW) focused on 
revolutionary concept generation from evolutionary Naval unmanned systems (UxS) 
technology. Participants included Naval Postgraduate School (NPS) students, faculty, 
staff and visiting engineers from Navy labs and industry. One of the main pillars of 
CRUSER is to develop a community of interest for UxS education and research, and 
provide venues for communication. This CRUSER WIW was also designed to maximize 
relationship building to strengthen the CRUSER community in the future. 
The CRUSER WIW 2011 was held during Summer Quarter Enrichment Week 
from Monday, 19 September through Thursday morning, 22 September 2011 on the NPS 
campus in Monterey, California. Participants attended an Innovation Seminar followed 
by a series of plenary briefings, and then broke into teams for focused concept generation 
work. Team out-briefs on selected concepts were presented on the final morning of the 
workshop, and are detailed in this report. 
A. ORIGINS 
Chief of Naval Operations (CNO) direction has encouraged the force to move 
boldly into unmanned, machine autonomous technologies. Secretary of Defense 
(SECDEF) Guidance for the Development of the Force in 2011 included a specific 
directive to ensure sea-based mid-range unmanned aerial vehicles (UAVs) in two 
locations in FY12, including sea-based intelligence, surveillance and reconnaissance 
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(ISR) for the National Mission Force. UxS are currently the Secretary of the Navy’s 
(SECNAV’s) number two priority. 
1. Innovation in the Navy  
Revolutionary innovation has been the key to U.S. naval supremacy. A key to 
past, successful innovation was the iteration of thought between operators, technologists 
and analysts. The operator brought "unarticulated requirements" to the table. The 
technologist brought emerging and existing technologies. Analysis blended the two. Only 
after considerable iteration did new thinking, combining the unarticulated requirement 
and technology, result in what became major naval warfare innovations 
(http://www.usnwc.edu/About/Chief-Naval-Operations-Strategic-Studies-Group.aspx). 
In June of 2008, the CNO assigned the NWDC as Executive Agent for Concept 
Generation/Concept Development (CG/CD) for the U.S. Navy (USN). The NWDC 
subsequently invited NPS to join the CG/CD team based on our unique resources and 
knowledge base. In support of this request, NPS has designed and delivered multiple 
WIWs focused on concept generation and innovation.  
a. NPS Chair of Warfare Innovation  
Focused on military operations, the NWDC’s NPS Chair of 
Warfare Innovation has been in residence at NPS since 2003.  Once known as the Chair 
of Tactical Analysis, this research chair has a thirty-year tenure, and is usually held by an 
active duty USN Captain. The current chair holder is CAPT Doug Otte, USN with 
civilian co-chair CAPT Jeff Kline, USN (ret.). 
b. NPS Chair of Innovation  
Sponsored by the Office of Naval Research (ONR), the NPS Chair 
of Innovation was first established in 2005.  Currently held by Dr. Neal Thornberry, the 
purpose of this position is to enhance innovation throughout the naval services in all 
aspects, particularly business functions and has typically been held by a civilian who has 
industry and/or academic experience.  The ONR Director of Innovation oversees the NPS 
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Chair of Innovation and helps direct CRUSER, but has no input on the NWDC sponsored 
NPS Chair of Warfare Innovation.  Both the NPS Chair of Warfare Innovation and the 
NPS Chair of Innovation were integrally involved in the CRUSER WIW 2011.   
 
2. NPS Warfare Innovation Workshops (WIWs) 
Innovation and concept generation are essential tenets of CRUSER, so the WIWs 
are a central element of the overall strategic plan for the program. The NPS WIW 
tradition began in earnest in 2009. The first iteration of this effort was the NPS 
Innovation Seminar supporting the CNO sponsored Leveraging the Undersea 
Environment Wargame in February 2009. The next WIW in July 2009 focused on 
concept generation for countering the self-propelled semi-submersible (SPSS) drug 
running challenge facing FOURTH FLT and the Joint Interagency Task Force – South 
(JIATF-S). The March 2010 WIW focused on concept generation for confronting 
irregular challenges in the maritime environment. WIWs conducted in September 2010 
and December 2010 examined innovative concept generation for scenarios involving the 
use of UxS in a global positioning system (GPS) denied environment, and advanced 
undersea weapons systems respectively. Participants in all six of these workshops 
involved junior officers from NPS and the fleet. 
During the 2010 NPS Enrichment Week (20-23 September) a Strategic Studies 
Group (SSG) WIW, a NWDC WIW, and a Robotics@NPS Workshop were held 
concurrently on campus. All three events were part of the NWDC sponsored yearlong 
Warfare Innovation Continuum and served as a kick-off for the newly organized the 
SECNAV sponsored CRUSER.  Coordination between the three events allowed all 
attendees to participate in the Innovation Seminar, use of the blue force laydown 
developed by the SSG Director Fellow selectees, and availability of NPS UxS lab tours 
organized by the Robotics Workshop.  A forum for additional cross-workshop 
collaboration was provided by a Monday night ―ice-breaker‖ for all participants 
sponsored by the Dean of the Graduate School of Operational and Information Sciences 
(GSOIS).   
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B. PLANNING AND EXECUTION 
Planning for this event began during the CRUSER stand up in March 2011. This 
CRUSER WIW was envisioned to provide a concept and/or mission thread to guide 
CRUSER research activities. 
1. Scheduling  
Like past events, related meetings were scheduled concurrently with this 
workshop to enhance the experience for all participants. The official welcome and 
orientation for the newly selected U.S. Naval War College SSG Director Fellows was 
held concurrently with the CRUSER WIW. This allowed the SSG selectees to participate 
in the CRUSER WIW, and energized the SSG leadership team who were able to observe 
our process and outcomes. Additionally, the Chair of Warfare Innovation sponsored a 
meeting on campus for the Department of the Navy (DoN) UxS Crossfunctional Team 
(CFT) Integrated Product Team (IPT) deputies.  These concurrent events were planned 
involve CFT members in the WIW program.  CFT members were invited to attend both 
the introduction to innovation on the WIW’s first day as well as the final concept out-
briefs. Representatives of the CPT also delivered a presentation on Mission Engineering 
to the WIW participants. 
a. Strategic Studies Group (SSG)  
The CNO SSG generates revolutionary naval warfare concepts. 
Revolutionary implies that the concepts would upset the existing order. Therefore, these 
concepts are non-consensual. The SSG focuses its efforts on warfighting concepts that 
appear to have great potential, but Navy organizations are currently not pursuing. In 
conducting this mission, the SSG is at the leading edge of the Conceptualization Phase of 
the Process for Naval Warfare Innovation. 
ADM James R. Hogg, USN (ret.) heads the SSG, which is located 
onboard the U.S. NWC in Newport, Rhode Island. The SSG is tasked only by and reports 
directly to the CNO. The CNO personally selects the Director to lead the SSG 
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organization. He also selects senior U.S. Navy (USN) officers and approves assignment 
of U.S. Marine Corps (USMC), U.S. Army (USA) U.S. Coast Guard (USCG) and U.S. 
Air Force (USAF) nominees to serve as CNO Fellows on the SSG.  Many previous SSG 
members have gone on to flag rank. 
At the completion of each year's efforts, the SSG produces a 
written report with at least first order analysis and recommendations for executable "next 
steps". The CNO reviews the SSG's work and approves selected recommendations for 
implementation.  
b. Department of the Navy (DoN) Unmanned Systems (UxS) Cross 
Functional Team (CFT)  













































Figure 1. Department of the Navy (DoN) UxS CFT organizational structure 
The DoN UxS CFT (see Figure 1) was established by OPNAV 
N2/N6 in 2010 to support the development of the UxS Information Dominance Roadmap. 
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Naval UxS must operate in all four domains – air, surface, undersea and ground – to 
successfully support operations in the diverse areas of responsibility for naval forces. The 
DoN UxS CFT was recently chartered to assess the barriers and issues associated with the 
development, integration and fielding of UxS capabilities in order to implement or 
facilitate effective solutions. Since naval systems will be required to operate remotely and 
undetected for days or months in hostile and contested areas commanders need to have 
the confidence in the abilities of these systems to perform their tasks as assigned.  
Experimentation venues are needed to develop new warfighting concepts, training 
standards, doctrine and tactics, techniques and procedures. 
2. Workshop Participants  
Targeted participants included NPS students and faculty currently participating in 
some aspect of unmanned naval systems education (class work or thesis research), but 
recruitment was open to all students, services and nationalities. Participant diversity has 
proved to be a force multiplier in supporting innovation in past WIW efforts. 
Additionally, junior Systems Command (SYSCOM) engineers and selected engineers 
from industry were also invited to participate. Confirmed attendees were then divided 
into the following four teams: 
 TEAM Big Dog:  NPS students and junior SYSCOM and industry 
engineers          
 TEAM Pirahna:  NPS students, newly-selected Naval War College SSG 
Director Fellows, and junior SYSCOM and industry engineers  
 TEAM Talisman:  NPS students, newly-selected Naval War College SSG 
Director Fellows, and junior SYSCOM and industry engineers 
 TEAM Silver Fox:  NPS faculty, visiting command representatives and 
selected senior engineers from industry  
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3. Workshop Design  
Based on lessons learned from previous WIWs, several elements were 
incorporated into the overall workshop design for this event. 
a. Scenario and Tasking 
The specific directive given to participants was: Within the 
framework of a near peer scenario, generate ideas and concepts for employing UxS in 
dangerous and dirty environments to accomplish specific missions. Additionally, the 
WIW design team stressed that proposed solutions should emphasize current or 
programmed systems where incremental or evolutionary technical changes could have 
revolutionary operational effects.  
A scenario was given as a framework for discussion and mission 
generation. This was not a wargame or campaign analysis, so detailed Order of Battle, 
command roles, and moves were not required. The scenario, titled ―A Two Ocean War 
2024,‖ included the following specific elements: 
 Escalating hostilities between Vietnam, Indonesia, the Philippines and the 
U.S. and China 
 China mobilized their South China Sea fleet 
 China invaded and occupied Natuna Besar, Indonesia with air, ground, 
and missile forces 
 Indonesia, Vietnam and Philippines request United Nations (UN) support, 
specifically U.S. and Japan 
Possible U.S. campaign phases suggested to the teams in the scenario introduction 
included: 
 Force Flow in  
 Extended Blockade against China 
 Establish Air Supremacy over Natuna Besar and its approaches 
 Establish Maritime Supremacy around Natuna Besar and its approaches 
 Invade Natuna Besar 
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 Post Combat Phase Operations 
Within this scenario, teams were asked to 1) choose ―a scene in the 
movie‖ to develop a concept, 2) develop as many as the team desires (any phase, any 
mission, and any technology), and then 3) brief their strongest concepts in order of 
strength, sharing their criteria for concept selection. For the selected concepts, teams 
were then asked to provide a technical description – as specific as possible using the 
engineering expertise provided to each team – and then articulate the strengths and 
weaknesses of each concept. Teams were also asked to retain a record of all their ideas 
for post-workshop review. 
b.  Logistics 
The workshop design reflected purposeful choices to maximize 
innovation at every step. Teams were put together to maximize diversity of participant 
experience. Team work rooms were selected based on proximity to each other, to provide 
individual work spaces while maintaining the ability of individual team members and 
mentors to access many ideas at several stages in concept development. Visiting 
engineers were provided an opportunity during this plenary session to introduce 
themselves and their areas of interest and expertise. All four teams were encouraged to 
leverage their individual expertise and experience, regardless of their team assignments.  
A full group networking event was scheduled on the first night to 
enhance group dynamics, and prepare individuals to work efficiently in an intensely team 
environment. Mid-process Quick Look briefs were scheduled to give workshop 
leadership the ability to keep team work on track, as well as provide an opportunity for 
idea exchange across the teams.  Senior members of CRUSER, as well as visiting UxS 
CFT members and SSG leadership were invited to attend the final out-briefs to energize 
the full community. 
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II. CONCEPTS GENERATED 
Concept generation is one of CRUSER’s basic design tenets, and this workshop’s 
primary goal. The mission directive given to the teams was to generate ideas and 
concepts for employing UxS in dangerous and dirty environments to accomplish specific 
missions. They were asked to emphasize current or programmed systems where 
incremental or evolutionary technical changes could have revolutionary operational 
effects. What follows is a summary of their resulting out-briefs. 
A. TEAM Big Dog 
NPS student members of this team represented the USN and the USMC; and were 
joined by an engineer from Naval Surface Warfare Center (NSWC) in Panama City, a 
researcher from the Johns Hopkins University Applied Physics Laboratory (JHU/APL), 
and junior industry engineers from Northrop Grumman (Sunnyvale) and Tethered Air, 
Incorporated. 
 
Figure 2. TEAM Big Dog group photo 
Photo by MC1 Rubio, NPS 
The seven members of TEAM Big Dog (see Figure 2) included:  
Table 1. Members of TEAM Big Dog (alphabetical order) 
Andrew Bouchard NSWC Panama City  
LT Adam Bush USN 
Maj Dino Cooper USMC 
Dan Dutrow JHU/APL 
Robert Lipscomb Northrop Grumman, Sunnyvale 
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LT Frank Menga USN 
Jeremy Wiley Tethered Air, Inc. 
The team began their concept generation work by identifying the intent of their 
mission. Most of their resulting ideas fell into ―hard‖ or ―soft‖ operations, so their initial 
approach was to split their team to cover both sets of concepts concurrently. The two 
groups then came back together, evaluated all concepts using predetermined criteria, and 
chose the most promising concepts for further development. The final concepts presented 
by TEAM Big Dog centered on the following four general mission areas: 
1) Large scale resupply 
2) Communications and navigation support 
3) Weapon delivery systems 
4) General operations support 
This team noted an important facet of UxS concept generation that was outside of 
the scope of their work – ―autonomy doesn’t magically happen.‖ They emphasized that 
work is still needed to unify and integrate command and control (C2), and recommended 
an open and modular approach be pursued from the start. The proprietary nature of 
current autonomy architecture developed by private industry is a limitation, so the team 
suggested this as a justification for government leadership on this issue. Senior members 
of the audience affirmed that unified autonomy C2 architecture for UxS is a priority, and 
groups throughout the Department of Defense (DoD) are addressing it. 
1. Large Scale Resupply  
TEAM Big Dog defined large scale resupply within the given scenario as 
autonomously handling the logistics trail leveraging commercial assets and new 
capability. They also linked three primary mission needs: 1) large scale resupply, 2) 
advance material pre-positioning, and 3) logistics operations. The following technologies, 
although generated to address the resupply need, could easily be leveraged to support all 
three linked mission areas – increasing their return on investment to the military. 
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a. Autonomous LO/LO 
The Autonomous load on/load off (LO/LO) is a standard cargo 
ship (see Figure 3) fitted for autonomous operations. It would have station keeping 
capabilities with the fleet, and use conventional fuels. The main purpose of the 
Autonomous LO/LO would be to provide for the storage of ammunition, food, and parts 
to resupply the larger mission. 
 
Figure 3. Autonomous LO/LO (example of concept, not actual) 
IMAGE SOURCE: http://www.containershipping.nl/casualties.html 
 
The primary strength of this concept is that it leverages a large 
distributed commercial pool of assets. Additionally, it has a large capacity, a standard 
form factor, a mature logistics infrastructure, leverages existing public-private 
partnerships, and back-fit technology exists. However there is currently no dedicated 
repair infrastructure within the Navy for these vessels. Modification and maintenance of 
these assets would require a change in USN doctrine and culture, and civilian 
cooperation. Cargo vessels are also vulnerable to, and a common target of contemporary 
piracy. 
b. Atmospherically Supported Crane 
The Atmospherically Supported Crane is a parasail supported auto 
tension system for positioning and heavy lift operations (see Figure 4). What makes this 
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device superior over others are wide spread anchors, both static and mobile. A UAV is 
another possible technological solution. 
 
Figure 4. Atmospherically supported crane concept 
IMAGE SOURCE: Tethered Air, Inc. 
The strengths of the Atmospherically Supported Crane is that it is 
not tethered to a specific vessel or location, is scalable to fit requirements, it adds value to 
existing ports without changing infrastructure, and it can operate in austere environments. 
However, it is vulnerable to attack by nature of its dependence on tethers. Once deployed, 
these same tethers present an obstacle hazard for other assets. 
Current technology readiness may be an obstacle for this concept. 
―Land on a moving deck‖ technology, wrist/auto-tension, and other components required 
to implement this concept exist at various readiness levels, but require integration. To 
operate effectively, this concept requires a specialized training program, doctrine 
development, and additional resources for setup and breakdown.  
2. Communications and Navigation 
Maintaining asset communications in the face of near-peer threats to 
infrastructure was identified as a primary mission support need. A related mission need 
was to maintain vehicle navigational infrastructure beyond primary solutions. Concepts 
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generated to support UxS fleet communications and navigation could be leveraged to 
support the other linked mission needs.  
The set of linked mission areas to support communications were: 1) Surface/Air 
Operations, 2) Communications Operations, and 3) Secondary Communication Systems. 
The set of linked mission areas to support navigation are similar to those identified for 
communications, but require a slightly different set of components: 1) Surface/Air 
Operations, 2) Navigations Operations, and 3) Secondary Navigations Systems.  
a. Deep Sea Comms Net 
The Deep Sea Communications Net (see Figure 5) is a 
convergence zone repeater capable of long deployment in a high pressure undersea 
environment. This communications net would be autonomously deployed, and would 
have an autonomous long-term station keeping ability using low power to do so. In the 
event that allied communications are disrupted or destroyed, the Deep Sea 
Communications Net would provide communications support to allow the UxS fleet to 
complete any mission assigned. 
 
Figure 5. Deep sea communications net concept 
IMAGE SOURCE: via http://faculty.uml.edu/nelson_eby/87.202/Material.htm 
 
The strengths of this concept are that it is a survivable network, it 
is inherently covert, could potentially have a large range, and is also useful for 
eavesdropping and enemy detection. Potential weaknesses of this concept are 
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cumbersome bandwidth limitations, trouble with transmission to the surface, power 
supply constraints, pressure constraints, and lack of effectiveness in littoral environments. 
b. UAV Line of Sight (LOS) Comms 
The UAV line of sight (LOS) communication support system 
would provide a communications hub in the event that other lines of communications are 
disrupted or otherwise unavailable. Laser LOS / directed radio frequency (RF) 
technology (see Figure 6) would be the primary method of communication transmission, 
using autonomous information routing. Other attributes of this concept include variable 
altitude ability based on vulnerability, persistent presence, and intelligent positioning. 
 
Figure 6. UAV line of sight (LOS) communications concept 




Strengths of the UAV LOS communications concept is that signal 
interception is difficult, it operates on high bandwidth over long distances, is deployable 
on demand, and adds redundancy to satellite communication (SATCOM) assets. 
Weaknesses include weather attenuation, coordinated relay tracking, and potential 
instability of the relay. 
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c. USV Comms Integrator 
The unmanned surface vehicle (USV) Communications Integrator 
(see Figure 7) would bridge the air-water gap and allow communications integration 
between unmanned underwater vehicles (UUVs) and UAVs. Other attributes of this 
concept include autonomous positioning, persistent presence, employment of laser 
LOS/directed RF, and intelligent delay tolerance. 
 
Figure 7. USV communications integrator concept 
IMAGE SOURCE: via http://www.evologics.de/en/products/sonobot/index.html 
 
Strengths of this concept are that it adds robustness to overall 
communications network by linking communications networks over multiple domains. 
This small module allows multiple applications, and due to employment of many 
subsystems it already has a high technology readiness level (TRL). A potential weakness 
of the USV Communications Integrator is that it is not covert, therefore vulnerable to 
attack (physical/cyber). However, employing low profile SPSS design may overcome this 
weakness. 
d. Resilient Nav Net 
The Resilient Navigations Net (see Figure 8) would consist of a 
network of nodes, both stationary and mobile, that self-localize using alternative 
technologies such as a priori placement, celestial positioning, inertial measurement, 
feature-based navigation, and light detection and ranging (LIDAR) technology. These 
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nodes would then provide navigational information for other assets in the presence of 
active GPS denial or blackout. The concept calls for the network to be autonomously 
deployed and maintained, lying dormant until activated as needed. 
 
Figure 8. Resilient navigation net concept 
IMAGE SOURCE: http://www.patsnap.com/patents/view/US7443763.html AND 
http://www.dosits.org/people/navigation/navigateunderwater/ 
 
A primary strength of this concept is that it works while in an 
electronic emissions controlled (EMCON) environment maintaining its covertness. 
Additionally, each node is closed system and is scalable to requirements. The overall 
complexity of this proposed system could be a potential weakness. Deployment and 
initial survey was also identified as a weakness, as well as the fact that the accuracy of 
proposed technologies is currently lower than that using GPS. The Resilient Navigation 
Net is also vulnerable, has potential power supply issues, and may be loud 
(acoustic/emissions). 
3. Weapon Delivery Systems 
The next set of linked missions involved taking the fight to the enemy with 
unmanned actors and new capabilities. The missions were split into 1) strike operations, 
2) kinetic operations, and 3) weapon delivery systems. 
a. High-Altitude Counter-UAV UAV – “Peregrine Falcon” 
This vehicle would be an expendable or reusable offensive strike 
device with intelligent target tracking and autonomous navigational control. Patrolling 
from above, this UAV can detect UAV or other threats from a high altitude and calculate 
an intercept on a steep dive. By executing his dive (see Figure 9), the vehicle gains 
significant kinetic energy without the need for a large thrust module. Proposed payloads 
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for strike include electro-magnetic pulse (EMP), shape charge, or blunt nose for kinetic 
impact. Battle damage assessment (BDA) can be performed by the mothership if the 
Peregrine is expendable, or by the Peregrine itself if it is to be reusable. Other options 
suggested include blocking the airflow to the enemy craft, inducing a crash, cutting the 
wings off the enemy craft, or fouling its propeller. 
 
Figure 9. Peregrine attack to demonstrate possible UxS strike technique 
IMAGE SOURCE: http://www.flickr.com/photos/sarbhloh/4140132196/ 
 
This inexpensive, flexible, reusable, high-velocity unmanned 
vehicle would be capable of fast BDA. It also addresses anti-UxS gap in current proposed 
UxS strategies. Current technology readiness level is the primary weakness of this 
concept. The Peregrine requires a mother ship platform, and requires prepositioning of 
that mother ship. TEAM Big Dog noted that the Peregrine may also have an altitude 
limitation. However, that will depend upon the engineering which is beyond the scope of 
their concept generation work. 
b. Ground Strike UAV 
The Ground Strike UAV (see Figure 10) uses autonomous target 
tracking and cooperative guidance to deploy lethal (shape charge, fragmentation) and 
non-lethal (malodorant, EMP, gas) countermeasures from modular payloads. 
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Figure 10. Ground strike UAV concept example 
IMAGE SOURCE: http://www.wpclipart.com/armed_services/action/launching_a_Raven_UAV.png.html 
 
The modular payloads are a primary strength of this concept. It 
also has fast BDA, is reusable, and can be employed in both lethal and non-lethal 
situations. Like with the Peregrine concept, current technology readiness level is an issue. 
The Ground Strike UAV also has a short range. TEAM Big Dog again noted that the 
ground strike UAV may have an altitude limitation, but this concern was beyond the 
scope of their concept generation work. 
4. General Operations Support 
TEAM Big Dog’s final concepts were presented outside of specific mission areas 
to support non-escalation options and overarching themes. 
a. Modularized Cargo Container System 
The Modularized Cargo Container System (see Figure 11) is a 
multi-mission capable (M3) system that could be employed to support both covert and 
overt operations. This concept centers on the installation of mission-specific modules or 
assets in standard cargo shipping containers. Technologies and capabilities for potential 
incorporation into this integrated system include: 
 Electronics such as signal intelligence (SIGINT)/ISR, 
electronic warfare (EW)/Decoys/Spoofers, Jammers, EMP 
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 Small/Micro UAV Launch Platform 
 Information Operations / Psychological Operations 
 Command, Control, Communications, Computing (C4) and  
Cyber Node 
Modifying existing refrigerated containers would provide established power 
infrastructure, and the power ground wire could be used as an antenna. 
 
Figure 11. Example of the Modularized Cargo Container System concept 
IMAGE SOURCE: http://www.hiwtc.com/products/40-high-cube-dry-cargo-container-1575-7887.htm 
It should be noted that this concept represents two suggested 
methods of employment. The first is as a mission-configurable platform, providing a 
modular and standard form factor for housing C4 resources, providing additional storage, 
or any number of active uses by the U.S. and its allies. This concept has already found 
acceptance in the form of Modular Mission Packages for a littoral combat ship (LCS). 
The other suggested use of this concept was for covert infiltration of enemy ports and 
economic infrastructure. A container outfitted with a basic array of sensors could 
periodically send ISR data via satellite, or the container could autonomously deploy 
assets to accomplish tasks upon arrival. Because most countries inspect only 10% of 
incoming containers, this could be highly effective. Even if the asset is discovered by 
inspection, the threat would hopefully trigger either a demand for more inspection or less 
traffic, causing the target country to embargo itself. 
The strengths of this concept are many. It provides a flexible, 
standardized, self-contained module to be used in both covert and overt operations. It 
leverages large infrastructure, and could provide a possible disruption of commerce if 
 20 
enemy forces are compelled to examine every container coming in or out of the highly 
trafficked global shipping lanes directly adjacent to Natuna Besar – creating a virtual 
embargo and minimizing the strategic advantage of occupying the island. The global 
perception and political ramifications are potential shortcomings. The risk of exploitation 
and possibility of collateral "damage" in the form of economic losses for global 
commerce is significant. Additionally, successful employment of this concept relies upon 
commercial compliance. 
b. Unifying Architecture for Autonomy 
This concept requires use of the same C2 architecture for 
autonomy across all assets. It would provide a standard payload interface, robust 
verification and validation of framework, and would enable an advanced decision making 
processes. With mission level autonomy, this unified architecture would be modular and 
open with multi objective optimization in order to support an arbitrary number of 
planning inputs. 
5.  Additional Undeveloped Concepts 
TEAM Big Dog also provided a set of additional group concepts not developed or 
presented in their final out-brief. They are listed here, and detailed in Appendix C of this 
report, along with several additional concepts proposed by individual team members: 
1) Electronic Attack Systems: frustrating enemy communications and 
infrastructure 
 UxS Attackers 
2) Escort Systems: permitting safe transit over open water for manned craft 
leveraging unmanned platforms 
 Unmanned Lead Ship 
 Unmanned Countermeasure USV 
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3) Local ISR Systems: providing battlefield data with immediacy and accuracy, 
refining intelligence on the ground 
 UxS ISR Net (requires further analysis to find optimum mix) 
 Parasitic Barnacle 
4) Kinetic Asset Placement: covertly placing assets for future effectiveness and 
convenience 
 Anti-Ballistic Submerged Payload 
 Conventional Submerged Payload Module 
 UxS Mothership (Balloon/Boat) 
 
B. TEAM Pirahna 
TEAM Pirahna (see Figure 12) was comprised of officers from the USA, USN, 
and USMC and practicing engineers from the California Institute of Technology, the 
National Aeronautics and Space Administration Jet Propulsion Laboratory (NASA/JPL), 
and Space and Naval Warfare Systems Command (SPAWAR) Systems Center Pacific. 
 
Figure 12. TEAM Piranha group photo 
Photo by MC1 Rubio, NPS 
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The eight members of TEAM Piranha included (see Table 2): 
Table 2. Members of TEAM Piranha (listed alphabetically) including SSG Director Fellow 
selectees (*) 
LTJG Scott Bishop* USN 
Capt David Coté* USMC 
LT James Drennan* USN 
Dr. Noel Du Toit CALTECH 
MAJ Devin Eselius* USA 
MAJ Mark Fulmer USA 
Brett Kennedy NASA/JPL 
Dr. Kyle Luthy SSC-PAC 
TEAM Pirahna’s overarching intent was to compel the enemy to withdraw from 
the area without resorting to armed conflict in order to support freedom of mobility for 
U.S. and allied interests. Key factors the team considered in developing their strategy 
included geographic and overall strategic elements. The adversary armed asset sites given 
in the scenario provided area denial capability. International law and practice provides a 
mandate to maintain freedom of movement on the seas, then to remand any territorial 
disputes to the UN Convention on the Law of the Sea (UNCLOS). Primary team 
directives were to avoid escalation of the conflict, and an absolute imperative that there is 
no nuclear war. 
 
Figure 13. International shipping routes  
IMAGE SOURCE: http://www.defence.pk/forums/general-defence/117072-truth-about-somali-pirates.html 
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The South China Sea is one of the most travelled shipping lanes in the world (see 
Figure 13). TEAM Pirahna took the expansionist movement by China given in the 
scenario to be an indication of hostile intent to destabilize current international norms. 
Actions in Indonesia and Vietnam may result in an increase in hostility. They also noted 
the proposed scenario represented a change in precedent for dispute resolution. 
TEAM Pirahna prefaced their concept generation with a discussion of solution 
criteria, proposing that any solution should minimize the risk of escalation and risk to 
U.S. personnel life. Concepts should also maximize use of existing technologies and re-
task or modify their capabilities. Finally, any concepts considered were evaluated using 
the following four factors: 
1) Unmanned 
2) Cost 
3) Benefit  
4) ―Wow‖ factor 
1. Direct Operations 
The first set of concepts presented by TEAM Piranha supported direct operations 
in a variety of mission areas. 
a. Digital Semaphore 
The idea behind ―Digital Semaphore‖ is to send messages 
passively over long distances. Simple data matrices like quick response (QR) codes (see 
Figure 14) or bar codes can be displayed on digital screens (or use physical panels that 
flip over from white to black). The message recipient uses a high resolution camera (a 
satellite, airplane, UAV, etc.) to view the image and process the code into usable data. 
The message sender could be a semi-submersible UUV that can get to the surface but 
does not want to expose itself. The concept could also be used for sending messages 
between ships, ship to shore, shore to ship, etc. 
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Figure 14. Example of a digital semaphore 
This concept’s benefits include: a low observable signature 
because the message sender is not actively transmitting a signal, low power required 
because there is no active signal, potential for long range because it would only be 
limited by the camera’s power, applicability to many platforms (e.g. UxS, ships, aircraft, 
satellites, shore sites, covert embedded assets, etc.), a relatively high data rate compared 
to many other passive communications systems, and it could be used not only in the 
visual spectrum, but also with IR if heated panels are used, or radar if panels with 
different radar reflectance are used. 
The drawbacks to this concept include: it is limited by 
environmental conditions such as line of sight, visibility, haze, clouds, dust, etc.; it is 
potentially difficult to receive a message from non-steady platform such as a USV at long 
distances; if two-way communications are desired, a high resolution camera on both 
platforms to receive messages is required. 
b. Decoy Vessels  
The objective of the decoy vessels (see Figure 15) is to 
masquerade as commercial shipping and fishing vessels to overwhelm search and seizure 
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forces operating in the area. They could also spoof to distract enemy forces in the event 
of conflict escalation. 
 
Figure 15. Example of a decoy vessel 
IMAGE SOURCE: http://searobotics.com – USV-1000 
This concept’s primary strength is the relatively low cost, 
disposable systems consisting of a solar powered USV base and an inflatable ship-like 
mass on demand that provides visual cue from distance. These systems could mimic radar 
signatures of the desired vessel (i.e. commercial shipping, military, fishing), and leverage 
the automatic identification system (AIS) to further attract attention of enemy forces. 
Effective implementation and deployment of this system will give allied forces the ability 
to scuttle the system based on enemy proximity to avoid detection and capture of the 
asset. Optional tasks could include deploying limpet mines, and the inclusion of 
passive/active sonar for ISR. 
Again, low cost is a primary benefit of this system. Additionally, 
the disruptive potential for enemy search and seizure could aid the overall mission on 
several levels. Depending upon design, this system could provide additional ISR, and has 
the potential to disable enemy ships. Drawbacks to this concept include the potential 
clogging of current shipping routes, and presenting an additional annoyance for 
commercial crews. Additionally, the active disabling of enemy ships is likely to have 
limited effectiveness 
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c. Non-Causal ISR “Data Farm”  
ISR normally involves getting assets in place to start collecting 
data. How can ISR be extended to look both forward and backward? This concept 
involves ―vacuuming up‖ information from around the world, and stored. ISR assets 
could then use historical information for change detection or to identify trends. Data 
storage farms need to be installed, with separate data gathering and data processing (data 
processing on demand) tasking. This data farm would link up various data sources (AIS, 
Federal Aviation Administration (FAA), etc.) into a central database, and information 
would be geo-referenced and time synchronized.  
Variations could include an open access forum where everyone can 
write to the database but no one can delete, or a restricted or partial access (e.g., multi-
resolution) version. Strengths of this concept include the global assimilation of data 
(crowd-source information gathering), the ―process on demand‖ feature only processing 
what is of interest, and the open access environment. In an environment of self-regulation 
where everyone knows everything, security becomes easier. The end result is increased 
ISR where data collection started before interest. 
The data storage requirements may be enormous, but storage is 
relatively cheap. These data farms would need to be physically secured, however the 
universal access might mitigate the incentive to attack. A system like this is vulnerable to 
inundation with false information, however true information will also be added and 
cannot be deleted. 
d. Remora Neutral Buoyancy Mine 
The primary operational goal of the Remora Neutral Buoyancy 
Mine (see Figure 16) is the covert emplacement of disruptive agents with command/time-
based activation, specifically employing less-than-lethal action that disrupts enemy 
operations and drains enemy resources. Emplacement could either be at depth from UUV 
or manned submarine. The neutral buoyancy capability allows persistent presence until 
target is acquired. Simple sensors track overhead movement of surface vessels and a 
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visual sensor (photodiode) detects hull shadow, and other attributes. Once a target is 
detected, ballast is dropped and the Remora attaches itself to the hull. On command, after 
a timer expires, or on contact, the Remora detonates a shape charge sufficient to open a 
small but immediately unrepairable breach in the hull. The target vessel must then cease 
operations and return to port for repairs. 
 
Figure 16. Remora neutral buoyancy mine concept 
 
The primary strength of this concept is that it is inherently stealthy 
with passive sensors to keep electro-magnetic (EM) signature low. It is hard to detect 
visually or in other wavelengths, and the entire Remora device is about the size of a 
grapefruit. Materials could be chosen for low reflectivity over a wide range of energies. 
The device is inexpensive to develop and produce (constituent technologies are 
inexpensive), and no new constituent technology is required (no exotic materials or 
processes). The sensor, processor, shape charge, magnetic attachment, and ballast release 
are all well established. The Remora would not require numerous design iterations before 
deployable, and promises to provide maximum disruption with minimum escalation, 
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While the deployment of a mine is a deploying a hostile device for 
a hostile act by the allied forces, it would ultimately provide very low public relations 
value for enemy forces once deployed. The target vessel is removed from operations, and 
additional enemy resources are used to repair the target. The Remora mines could also be 
used in conjunction with decoy vessels to maximize the disruption to enemy forces by 
luring enemy assets into harm’s way. 
Emplacement of the devices is required, so a UUV or manned 
submersible must be used to deliver the Remoras if stealth is desired. This exposes both 
the delivery vehicle and the location of the emplaced Remoras. Command-based 
detonation could also be problematic. The commanding entity must be subsurface and 
relatively close for any reasonable communication system. Current Remora charges are 
likely only useful against ferromagnetic hulls, and attachment to the target hull may be 
unstealthy. Also the mine array may have trouble remaining on station with current 
passive abilities, and the Remoras would have to be cleared from the water after 
hostilities have ended 
e. “Milk Cow” Autonomous Refueler 
The ―Milk Cow‖ autonomous refueler is a convert nuclear-
powered, ballistic nuclear missile-carrying submarine (SSBN) to resupply diesel powered 
autonomous oilers (see Figure 17).  
 
Figure 17. Example of "Milk Cow" autonomous refueler  
IMAGE SOURCE: sketchup.google.com/3dwarehouse Ohio Class Submarine 
With an autonomous inertial navigation system (INS) augmented by daily updates from 
GPS, and autonomous obstacle avoidance using forward-looking sound navigation and 
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ranging (SONAR) and side-scan SONAR capabilities, the ―Milk Cow‖ would be able to 
maintain station during underway replenishment. This asset could also provide torpedo 
detection, upon which it will commence evasive maneuvers. It would also retain satellite 
communications (SATCOM) capabilities to receive mission updates (time, location, 
course, speed of next underway replenishment). 
The SSBN platform is harder to deny than oilers, and poses less 
risk than oilers. It does not require escorts, and enables refueling of UUVs at depth. 
However, it has limited maintenance abilities, and engineers still must develop means to 
connect the fuel line autonomously. Some work with UUV docking stations may be 
applicable here such as the prototype developed by the Monterey Bay Aquarium 
Research Institute (http://www.mbari.org/news/feature-image/auvdock.html).  
TEAM Piranha noted here that there remains an undeveloped 
portion of this concept – a purpose-built system may provide additional capability at 
additional cost. It could then operate deeper for stealth and protection, engage a ―sleep‖ 
mode for long dwell time in-theatre, and allow for autonomous underwater refueling 
and/or recharging of UxS fleet UUVs. 
f. Glider-Torpedo ISR Platform 
Driven by variable buoyancy, this glider could move horizontally 
and vertically (see Figure 18). Additionally, it could gather various ocean information 
including seawater temperature, salinity, water clarity, and ocean current speeds. The 
information is transmitted to computers via satellite phone on a predetermined interval 
when it surfaces. Data is collected on compact flash cards, akin to digital cameras. This 




Figure 18. Glider-torpedo ISR platform  
This asset could be deployed not only from submarines, but also 
from unmanned undersea vehicles that become remote firing platforms (or from ship, 
shore, etc.). The glider is a uniquely mobile network component capable of moving to 
specific locations and depths, occupying controlled spatial and temporal grids. It provides 
an easy and effective way to gather important data and extend torpedo range, feeds shore-
based computer models, and is launch and recovery capable from a submarine. This 
glider is relatively inexpensive, easy to reconfigure for various missions, and has a long 
life span with minimal maintenance. Battery life and durability may be issues. 
2. Peripheral Concepts  
TEAM Piranha also proposed concepts that would provide overarching support to 
the entire UxS fleet. 
a. Angel on the Shoulder 
With a multitude of UxS deployed to address a single mission, 
allied forces need the ability to distinguish friend and foe – most importantly, fleet 
commanders need to recognize when friendly UxS assets have been compromised by 
cyber warfare tactics. This concept involves the development of an angel-on-the-shoulder 
system that recognizes asset capture/modification. To prevent corruption, this device 
would be a factory-sealed unit with no input and provide secure output to any given 
 31 
platform and command. It would recognize capture or modification to UxS programming 
using an onboard internal sensor suite. The ―Angel‖ requires knowledge of the allied UxS 
fleet behavior/operational envelope (e.g., sudden deceleration in mid-mission means 
capture). 
Leveraging inertial measurement unit (IMU) and GPS, the ―Angel‖ 
would choose and execute an appropriate action (e.g., disarm, loiter, etc.). It would 
employ common hardware with specialized software for specific UxS platforms and 
missions. The ―Angel‖ would be able to uniquely identify friendly assets in uncertain 
environments. Being modular in design, it could be applied or adapted to any UxS. The 
design also ensures security with only an outgoing interface since it is sealed at 
manufacture. Even if the device is hacked upon capture, damage to allied UxS fleet has 
been prevented. However, the ―Angel‖ is hard to make secure and flexible. To get an 
isolated unit requires onboard sensing, computing, and communications on each unit. 
Additionally, these units need to be adapted to platforms, and perhaps missions.  
Shortly after this WIW, a news article was posted in Wired 
magazine about a computer virus attack on the U.S. drone fleet in operation in 
Afghanistan (7 October 2011 ―Exclusive: Computer Virus Hits U.S. Drone Fleet‖ 
http://www.wired.com/dangerroom/2011/10/virus-hits-drone-fleet/).  A computer virus 
infected the control mechanisms of the U.S. Predator and Reaper drones operated out of 
Creech Air Force Base in Nevada, logging pilots’ every keystroke as they remotely fly 
missions over Afghanistan and other warzones. So far, the virus has resisted multiple 
efforts to remove it from Creech’s computers. This infection incident adds support to the 
potential security risks faced by any UxS fleet.  
b. Crowd Sourcing  
TEAM Piranha proposed a multilevel crowd sourcing concept 
leveraging existing information networks, namely AIS and commercial ―fish finder‖ 
devices to enhance the situational awareness of allied forces. 
Each region has an indigenous information network. This concept 
aims to leverage existing integrated networks used by global commercial transport and 
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shipping, friendly allied military in the region, and that of local fishermen. The benefits 
of this Information Network concept include the high volume of reporting since this 
concept leverages existing communication practices, the international visibility of 
Chinese actions through a global stakeholder group, and the low threat and low visibility 
for enemy targeting. Ultimately, this concept will result in an enhanced intelligence 
picture. However, by leveraging existing networks allied forces may be implicating 
ostensibly neutral parties  
AIS is an existing system that allied forces could enhance and 
leverage.  The core users of this system are transportation companies.  It allows ships to 
know what other ships are in the area, and are reporting or ―squawking‖ on AIS. It also 
calls attention to those ships that do not show up on AIS but do show up on traditional 
radar.  The intent is to use this system to provide information on Chinese vessel locations 
throughout the conflict zone.  It can also provide information on the movement 
techniques of enemy ships as they approach transport ships to conduct searches (see 
Figure 19).  An active sonar modification would also help identify underwater targets.  
Such a system could be powered by the current movement of the ship and send 
information wirelessly to the modified AIS and in turn to the U.S. ISR network.  
 
Figure 19. Crowd sourcing AIS ISR concept 
The enhanced AIS squawker would be provided to global 
transportation and fishermen transiting in the area to provide information in their 
movements and monitor real-time Chinese naval boarding activity. This concept requires 
integration of an automated reporting system for ships that do not appear on AIS but 
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show up on radar. It would also provide communications to transportation crews and 
fishermen to report on Chinese activity 
By providing an enhanced ―fish-finder‖ system to fishermen in the 
area, the ISR network would be able to gather large amounts of information about 
underwater targets.  When in close proximity individual systems could provide individual 
target barring that when sent to an overhead UAS C2/ISR platform combine to provide a 
rough target location (see Figure 20). Such data would be used to queue other systems to 
investigate and possibly attack.  
 
Figure 20. "Fish finder" crowd sourcing ISR concept 
 
The primary benefit of this ―fish finder‖ concept is that it is cheap 
and already available. Little modification is needed, however interoperability is key. The 
sheer volume of assets will provide greater understanding of the underwater environment. 
Effective implementation of this concept requires willing or at least tacit involvement of 
local people. Broadcasting information may encourage enemy forces to investigate, and 
cause trouble for innocent bystanders. Current technology may only provide limited 
resolution on target solution. 
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3. Additional Undeveloped Concepts  
As requested by WIW leadership, TEAM Piranha did not discard any concepts 
discussed during their work. Although not fully developed, the following concepts were 
also proposed to counter the threat presented in the scenario. These additional concepts 
are listed here, and detailed in Appendix C of this report: 
1) Logistics:  
 H2 Airship 
2) Communications:  
 Laser pulse comms  
 Flash Drive buoy 
 UUV data mule  
 ―Text‖ to voice 
 Voice to text 
 Auto generating Cell network. 
3) ISR : 
 Joint Expendable Low Profile Information system (JELI-s) 
 Surf-zone ISR system 
4) Disruption 
 Gremlins (Sniffers, roving disrupters, mobile precision submunitions) 
 Fouling agents or foreign object damage (FOD) producers 
5) Defensive weapons: 
 Satellite boring 
 ―Laser‖ ships vs. anti-ship missiles 
 Observed UxS behavior classification 
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  ―Skynet‖  
6) Offensive Weapons: 
 Sea floor based missile systems 
 Swarm of Nano bugs 
 Angler-Fish 
C. TEAM TALISMAN 
TEAM Talisman (see Figure 21) was comprised of a mix of NPS students (USN 
and USMC), and engineers from SPAWAR Systems Center Pacific (SSC-PAC), 
NASA/JPL, and Northrop Grumman.   
 
Figure 21. TEAM Talisman group photo 
Photo by MC1 Rubio, NPS 
The nine members of TEAM Talisman were (see Table 3): 
Table 3. Members of TEAM Talisman (listed alphabetically) including SSG Director Fellow 
selectees (*) 
LT Will Chapman* USN 
Dr. Charles Chen Northrop Grumman 
Sean Kragelund NPS 
LT Alistair Mclean* USN 
Dr. Jeremy Ma NASA/JPL 
LT Jamie Mason* USN 
MAJ Leslie Payton USMC 
MAJ Omar Peralta* USMC 
Azi Sharif SSC-PAC 
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Team Talisman envisioned a future with swarm-like systems that were defined by 
an ever-changing intelligent "whole" that would be constituted of multitudes of 
individual units. Like an ant colony, each individual could be weak, dumb, and 
disposable, but the collective would be powerful. They envisioned distributed processing 
being used to make the collective intelligent, constructive interference being used to 
make the collective a powerful transmitter, spatial coordination being used to make a 
collective a large sparse-array sensor, and attack coordination being used to make small 
weapons payloads a large collective one. The team acknowledges that the future they 
envisioned might be on a far horizon, so they focused their presentation on examples that 
were thought to be achievable in the short term and would advance toward their vision.  
However, they emphasized that the ultimate goal should be kept in mind.   
TEAM Talisman began their presentation with a discussion of their vision for 
future UxS. The intent of any concept they discussed was to provide persistent covert ISR 
using UxS that demonstrated these primary attributes: 
 Long Endurance 
 Low Probability of Detection 
 Low Cost 
 Operate Either Semi-Autonomous/Fully-Autonomous  
Any UxS fleet would support one or more of these primary mission areas: 
 Joint Force Protection 
 Domain Awareness 
 Offensive / Defensive Operations (kinetic and non-kinetic) 
TEAM Talisman then set the stage for their approach to the given scenario, by 
splitting the allied response into phases. Key phases of their proposed response are 
detailed in Table 4: 
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Table 4. TEAM Talisman phased response 
 
PHASE 0 Intelligence Preparation of Battlefield 
PHASE I Force Flow in  
PHASE II  Extended Blockade against China  
 Establish Air Supremacy over 
Natuna and its approaches  
 Establish Maritime Supremacy 
around Natuna and its approaches  
 
PHASE III Invade Natuna  
PHASE IV Post Combat Phase Operations 
 
In these phases and responses, information is defined as raw sensor data and intelligence 
is data that has been analyzed to provide and support critical information requirements. 
The focus of the TEAM Talisman response was further refined to only include PHASE 0 
and PHASE 3. Key events in PHASE 0 and PHASE 3 of their proposed response were 
identified as: 
1) Unmanned underwater mothership deployed to key locations along the 
shore (see Figure 22) 
2) Mothership launches multiple set of different UxS (UUS, UAS, UGS) 
3) UxS autonomously conduct ISR mission 
4) Collective intelligence passed back to the mothership, then forwarded via 




Figure 22. TEAM Talisman major asset deployment, PHASE 0 (top) and  PHASE 3 (bottom) 
To further refine their intent before developing concepts, the team used a simple 
process to identified needs and gaps in their initial UxS capability analysis, first listing 
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capability needs, followed by technology needs, then identifying existing technologies 
that may be leveraged to meet these needs (see Figure 23). 
 
 
Figure 23. UxS capability analysis (capability needs, technology needs, technology gap) 
 
Assumptions made that were important to concept generation included: 
 Red Force will have force augmentation capabilities 
 Red Force will have advanced navigation, ISR, and communications 
 Blue Force will have guaranteed over flight over allied countries 
 Blue Force will have operational bases at allied countries 
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The problem set identified by TEAM Talisman split areas of concern into three 
primary areas: 1) Maritime Domain Awareness, 2) Joint Force Protection, and 3) 
Information Dominance. The MDA problem area includes identifying location of enemy 
subsurface and surface assets (including logistics), and locating any deployed mines. 
Joint force protection involves locating surface to surface weaponry, and any theater 
ballistic missiles (TBMs). Information dominance in this scenario would require superior 
cyber capabilities, locating and persistent status monitoring of enemy ISR assets; while 
ensuring information assurance of blue force ISR, and preparing for strategic deception 
and denial. 
1. Cognitive ISR  
Identified as they key enabling technology for TEAM Talisman’s overall concept, 
cognitive ISR provides self-situational awareness for a single  
UxS. Cognitive ISR, or ―brilliant ISR,‖ is key for UxS autonomy. High volume, low 
capable units working in tandem could provide a ―collective intelligence‖ to support the 
cognitive ISR result. This concept requires ingenious design from the start addressing 
complex emergent behaviors. However, TEAM Talisman noted that a system like this is 
less vulnerable to enemy attack as it is harder to target the whole unit because it has so 
many component parts. If there is redundancy and effective dynamic retasking built into 
the system, the loss of one unit would not degrade the system as a whole. 
a. Attributes  
The primary function of cognitive ISR is ―Information Triage‖, 
sorting the wheat from the chaff in the raw data, and then only sending on significant 
information so as not to overwhelm human analysts. This triage requires automated 
multi-intelligence analysis capability to quickly sort raw data feeds from image 
intelligence (IMINT), measurement and signature intelligence (MASINT), signal 
intelligence (SIGINT), acoustic intelligence (ACINT), and cyber intelligence (CYBER).  
Cognitive ISR capability is also essential for UxS to autonomously 
adapt to a changing physical environment to achieve a given mission, tip or cue other 
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integrated systems (manned or unmanned), and provide dynamic retasking to support a 
mission need. 
b. Development steps  
TEAM Talisman proposed several required steps in the 
development of effective cognitive ISR. The initial step would be to implement 
automated data analysis on an UxS. The team recommended this start with two sensors, 
then go to multiple sensors. The next step would be to establish core software 
architecture for cognitive ISR. This would enable the implementation of automated re-
tasking, for example adapting mission profile to the results of the automated analysis. 
The final step would be to validate the ―tip/cue‖ capability defined as one UxS 
autonomously tipping or cueing action in another UxS to support a mission. 
2. Near Term Development Concepts 
As stated in their introduction, TEAM Talisman concentrated on the ISR missions 
in PHASE 0 and PHASE 3 of defined operations. The capability needs they focused on 
were self or sub deployable assets that were low cost or expendable. Proposed assets also 
need to have long endurance capability to allow support for multiple missions. TEAM 
Talisman’s proposed pre-positioned mother ship array (see Figure 22) along the coast of 
the adversary as well as surrounding Natuna Besar would increase the endurance of UxS 
as they would be deployed closer to their mission station, thereby saving power. All 
concepts presented were deemed demonstrable within eighteen months from the start of 
development based on current technology readiness levels. 
a. Covert ISR Enabled by UUV 
To support a non-kinetic mission, TEAM Talisman proposed using 
a USV with a mast equipped with multiple sensors to conduct covert ISR mission (see 
Figure 24). This asset would be able to characterize and map the electronic environment 
(frequency, bandwidth, nodes, etc) and the physical environment (shoreline, etc.). This is 
enabled by, cognitive ISR capabilities, which allow this asset to process the raw sensor 
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data on board, and will modify the USV profile to optimize collection capability. This 
will enable true long endurance autonomous ISR collection. 
  
Figure 24. Example of mast enabled USV to support cognitive ISR  
IMAGE SOURCE: http://www.wired.com/dangerroom/2007/05/ks_like_a_minia/ 
For offensive application, this asset could use cognitive ISR capabilities to ―tip/cue‖ the 
non-kinetic attack, inserting false information into the adversary’s ISR network. 
While some technology may still be in early development, 
development of the database and heuristic rules to be used in real time to support ISR 
mission is required for implementation of this concept. The team also noted that 
confidence in the intelligence provided by cognitive ISR may still be low. 
b. Tagging, tracking and locating  
This concept involves UxS (USV or UUV) employing acoustic and 
electro-optical (EO) sensors to identify vessels of interest for the active warfighters in 
theatre (see Figure 25). These integrated assets would detect and characterize the vessels 
in the environment. Once a suspicious vessel is identified, the UxS alerts the operator. 
Upon operator command, the UxS tags the vessel and supports ISR to maintain track of 
the suspicious vessel. The location of the target could be tracked using distributed 
network location algorithms such as triangulation if lines of bearing are available, 
trilateration if ranges to the target are known, or multilateration if the only available 
information is target signal detection time. This concept also supports offensive 
operation, as the tag provides real time location of vessels of interest.  
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The covert tagging methods and approach could be problematic, 
and need further study. Although some technology may still be in early development, 
there is not yet a demonstrable technology to maintain effective tracking of tagged 
vessels. 
  
Figure 25. Example of a UUV asset to support tagging, tracking and locating  
IMAGE SOURCE: http://www.militaryphotos.net/forums/showthread.php?21455-Navy-Plans-for-
Unmanned-Undersea-Vehicles 
3. Additional Undeveloped Concept: Cognitive Swarm Control 
One key undeveloped concept that is worthy of note is Cognitive Swarm Control.  
TEAM Talisman’s concepts for employment of UxS involve many platforms. Ideally, 
these systems will operate autonomously, with the capability of self-cognition; knowing 
its environment, swarm-awareness, and the state and the mission of the other platforms. 
Cognitive Swarm Control involves multiple UxS not only creating a self-forming 
network, but each individual system will adapt to ensure that the mission of the swarm is 
achieved. 
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D. TEAM Silver Fox 
This team was comprised of more experienced members of the greater community 
of interest representing NPS faculty and staff, various DoD commands, and experienced 
industry engineers. 
 
Figure 26. TEAM Silver Fox group photo  
Photo by MC1 Rubio, NPS 
The seven participants (see Figure 26) on TEAM Silver Fox were (see Table 5): 
Table 5. Members of TEAM Silver Fox (listed alphabetically) 
Mr. Dean Clark Northrop Grumman 
Mr. Edward Crenshaw SSC Pacific  
CDR (ret) John Lademan Northrop Grumman 
CAPT (ret) Rick Pawlowski NWDC 
CDR (ret) David Place NPS/C3F 
Dr. Robert C. Stirbl NASA/JPL/Caltech 
Dr. Neal Thornberry NPS Chair for Innovation  
To guide their efforts,  TEAM Silver Fox agreed to focus on leveraging 
evolutionary technology to provide revolutionary capabilities. The team then defined the 
strategic value of Natuna Besar for their adversary. Assumptions made before they began 
the ideation phase of their work included: 
 Resources are and will continue to be constrained 
 Preferred approach is ―soft‖ (deter/degrade/deny) 
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 U.S. must employ platforms that are able to innovatively deliver 
capabilities (OP Area) 
 Allies and local inhabitants are available to leverage to create internal 
pressure 
From the given scenario, TEAM Silver Fox simplified the issue at hand to: 1) 
adversary takes over Natuna Besar and 2) claims more rights in the South China Sea than 
they are entitled to under international law (see Figure 27). 
 
Figure 27. South China Sea territorial claims 
IMAGE SOURCE: www.middlebury.edu 
The team next investigated potential force projection into the disputed region (see Figure 
28) estimating adversary air coverage (maximum SU-30) and DF-21 range. 
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Figure 28. Estimated force projection (RED: air coverage, YELLOW: DF-21 range) 
 
They identified the primary mission areas as: 
 Mine Warfare (MIW) 
 Maritime Interdiction Operations (MIO) 
 ISR   
 Using UxS for Diversionary Purposes    
As they were discussed, ideas were ―parked‖ on a portion of their workroom 
white board (see Figure 29), and an arsenal of tools available was also recorded. They 
also investigated attributes of the region, and discussed the potential operations and 
arsenal their adversary was likely to employ.  
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Figure 29. TEAM Silver Fox "parked" ideas 
TEAM Silver Fox established some basic criteria for concept selection based on a 
given concept’s ability to decipher, deny, or degrade the adversary’s warfighting 
capabilities. They focused their ideation on using tools already available in revolutionary 
ways. Additionally, integrated and multipurpose assets (see Figure 30) were weighted 
more heavily in their discussions. 
 
 
Figure 30. Operational view of TEAM Silver Fox integrated concepts 
1. Deny Communications  
TEAM Silver Fox first addressed the primary mission to deny adversary 
communications. An inherent vulnerability of an island, primary communications would 
be via undersea cable or satellite. Denying or disrupting communications would impair 
enemy operations. 
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a. LDUUV with cable cutter 
This concept uses a customized container ship to launch a large 
displacement UUV (LDUUV) equipped with a cable dredger/cutter device to sever high 
bandwidth communication lines on seafloor that connect island to the mainland (see 
Figure 31). 
 
Figure 31. Integrated assets to deny communications 
 
To increase the multi-mission usefulness, the LDUUV could be fitted with a wideband 
RF transmit/receive array, side/forward look SONAR, a marsupial launch bay, 
unattended ground sensor (UGS) launcher system, heat exchanger fouling agent (HEFA) 
deployment system, and an acoustic deception array. 
b. Unmanned communications module  
This concept employs an UxS in one of several domains (UUV, 
USV, UGV, UAV, or combination thereof) to intercept and decipher enemy 
communications (see Figure 32). This same system could then jam enemy 




Figure 32. Integrated assets to decipher adversary communications 
 
Again, to increase multi-mission usefulness, this communication 
module could also transmit decoy signals to elicit enemy response, then disappear – in a 
―whack-a-mole‖ fashion. To accomplish these several missions, the communications 
module would be equipped with wideband RF jammers and decoy signals.   
2. Disrupt Operations  
The second major tenet of this team’s concepts involved disrupting enemy 
operations. Several disruptive technologies were proposed for future development. 
a. Gooey pellets 
This concept involves a LDUUV deploying gooey pellets (see 
Figure 33) that foul heat exchangers of enemy vessels. A HEFA would be encased in 
buoyant spheres and would be heat activated. The substance within could be merely 
gelatinous to mimic the effect of a naturally occurring swarm of pelagic jellyfish, or 
could be a quick cementing foam once activated, much like insulation foam. 
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Figure 33. Integrated concepts to disrupt operations 
A related ―gooey pellet‖ concept proposed by TEAM Sliver Fox 
was ground deployed rubber eating malodorous acid (REMA). This contact activated 
disruptive agent would not only immediately destroy the tire rubber of ground vehicles, 
but release a repugnant odor rendering all humans in the vicinity useless. This non-lethal 
agent would illicit immediate vomiting upon inhalation, disrupting operations until the air 
cleared. 
Both sea-deployed and ground-deployed gooey pellets would need 
to be self-degrading so allied forces could safely access the fouled area of interest after a 
predetermined delay. 
b. Variable Positioning Smart Mine Arrays (VPSMAs)  
This concept uses the LDUUV to deploy variable positioning 
smart mine arrays (VPSMAs) – moving mine arrays for use both in port and in the open 
ocean (see Figure 34). This net of self-healing distributed netted system (DNS)/mine 






Figure 34. Variable positioning smart mine arrays (VPSMAs) potential near shore positioning (top) 
and potential open ocean positioning (bottom) 
3. Degrade Strategic Value 
To degrade the strategic value of Natuna Besar to the adversary, TEAM Silver 
Fox proposed several multipurpose concepts. The operational goal of these concepts is to 
make it so cumbersome for the enemy to occupy Natuna Besar that they abandon the 
island thereby ending the conflict without escalation to a kinetic engagement. 
a. Shipping Container Multi-Mission Delivery System 
This concept employs an initial deceit where a container ship 
―loses‖ a container. This modified ―lost‖ container then releases USV to resupply the 
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Natuna Besar insurgents or other allied forces on the ground on the island (see Figure 
35). Deployed UxS may also be used as diversionary assets to enable manned missions. 
 
Figure 35. Shipping container launch platform concept 
 
Within this concept, the self-navigating USV and UUV will have 
radar, CBRN (chemical, biological, radiological, and nuclear), SIGINT and electronic 
signal intelligence (ELINT) decoys to employ; collision avoidance capability, and be 
locator equipped (communication data/voice relay).  
The strengths of this concept include clandestine delivery – which 
also introduces a dual purpose. If discovered, the adversary would then be required to 
employ significant assets to detect and deter future use – inspecting 100% of the 
containers traversing the area of interest. This may result in a virtual blockade of Natuna 
Besar, as it will be surrounded by moored container ships awaiting inspection. This 
concept uses existing Programs of Record (PoRs), representing an 
evolutionary/revolutionary payoff versus waiting for the long acquisition cycle to develop 
new capabilities from the ground up. 
Using existing technology (container ships and payloads), the 
payload development required represents a cost effective natural spiral. This asset is 
inherently multi-use as it employs the same array for deter and deny missions (same 
platform with multiple capabilities). The shipping container delivery system also has the 
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―Hiding in Plain Sight‖ advantage, as the shipping lane adjacent to Natuna Besar is one 
of the most heavily traversed globally. 
However, TEAM Silver Fox noted that the payloads may affect 
platform requirements (ability to pull dredge, detect and cut underwater cable), and it 
may put innocent cargo vessels at risk. 
b. High Altitude Long Endurance (HALE) air platform  
The proposed high altitude long endurance (HALE) air platform is 
used to both degrade strategic value of Natuna Besar, and to decipher adversary 
communications. Positioned well out of range at standoff, the HALE provides long 
distance communications. Integrated small UAV’s would deploy tracking devices, and 
REMA to disable ground vehicles and aircraft (see Figure 36). 
 
Figure 36. High Altitude Long Endurance (HALE) air platform concept 
 
The HALE is equipped with radar, EO and IR optics, a laser 
designator with laser range finder (LD-LRF) capability, SIGINT, communications 
data/voice relay, ELINT, and UxS delivery capability. The HALE could also potentially 
deploy self-positioning, self-deploying sensor loads, micro UAVs (i.e. Defense Advanced 
Research Projects Agency's (DARPA’s) ―hummingbirds‖ or ―killer bees‖), or supply tech 
bundles to the insurgency to further frustrate our adversary.  
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The self-navigating integrated UAVs would be equipped with 
radar, CBRN, and communications decoys; have collision avoidance capabilities, a 
locator, and communications data/voice relay. Related micro air vehicles would also be 
self-navigating, with collaborative collision avoidance and swarm capabilities; and could 
be employed as a decoy. Integrated self-navigating micro UGVs would also be RADAR 
and CBRN equipped; with communications decoy and collision avoidance capabilities, 
locators, and communications data/voice relay. 
TEAM Silver Fox also suggested the use of UGSs and UUVs as 
acoustic decoys in conjunction with their HALE concept. These UGSs could be triggered 
at timed intervals and at random to disrupt island operations and draw kinetic responses 
to areas of little or no real tactical activity to disrupt island operations, act as a diversion 
from areas of tactical action or to elicit enemy reaction to gain an understanding of their 
tactics and intent.  UGS could be used to generate small fire sounds around enemy 
bivouac areas to keep troops at prolonged high alert, or UUVs could be used to provide 
acoustic projections simulating real platforms to draw kinetic responses or cause 
repositioning of enemy defenses – providing real tactical advantages using UxS.  These 
efforts could be coordinated by the HALE or randomly employed. 
4. Additional Undeveloped Concepts 
The next two concepts were deemed useful for a variety of missions, and are 
detailed in the TEAM Silver Fox concept annex (see Appendix C, p. 106): 
1) Dual launch platforms 




From the many innovative concepts generated during this three day event the 
CRUSER leadership team chose several concepts to move forward with.  
 
Figure 37. CRUSER Director of Research and Education Dr. Timothy Chung (at right) speaking with 
guests before the team concept briefs (pictured from left CAPT T. Doorey, USN (ret.), CAPT W. 
Hughes, USN (ret.), and RADM N. Carr, Chief of Naval Research) 
Photo by MC1 Rubio, NPS 
A. HIGHLIGHTED CONCEPTS 
Following compilation of all concepts generated by the WIW participants, 
CRUSER leadership gathered to review final concepts, and chose those concepts that best 
aligned with CRUSER research and experimentation resources. These selected concepts 
will be presented to industry and SYSCOM engineers to solicit technology presentations 
at the CRUSER UxS Technology Symposium on 7-10 May 2012 on the NPS campus. 
The goal is to have these evolutionary UxS technologies demonstrated in an at sea 
experiment planned for FY13. 
Key criteria used to select concepts for further development were: 
1) Does the concept support an Information Dominance mission or other high 
priority DoN concepts? 
2) Is the concept unique? 
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3) Is the concept testable? 
Selected concepts fell into five distinct categories: counter UAV, information 
assurance, ISR, knowledge management/data management, and non-kinetic strike. 
1. Counter UAV Concepts  
These concepts counter enemy UAV operations. 
 Peregrine or ―Air Mine‖ (II:A:3:a, p. 18) 
 Ground Strike UAVs (II:A:3:b, p. 19) 
 Project JASON (POC: Dr. Timothy Chung, thchung@nps.edu)  
2. Information Assurance Concepts  
These concepts protect allied communications and operations. 
 Angel on the Shoulder (II:B:2:a, p. 32) 
 Digital Semaphore (II:B:1:a, p. 25) 
 Auto-generating Cell Network (II:B:3, p. 36 and TEAM Piranha 
Concept Annex, APPENDIX C 2:f, p. 100) 
 Shipping Container C2 Module (II:D:4, p. 56 and TEAM Silver 
Fox Concept Annex APPENDIX C p.106) 
3. ISR Concepts  
These concepts all support ISR operations. 
 Tagging, Tracking and Locating (II:C:2:b, p. 44) 
 Glider-Torpedo ISR Platform (II:B:2:b, p. 33) 
4. Knowledge Management/Data Management Concepts 
These concepts leverage existing data, data gathering or communication 
practices. 
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 Information Triage (II:C:1, p. 42) 
 Data Farming (II:B:1:f, p. 27) 
 Crowd Sourcing Fish Finder (II:B:2:b, p. 33) 
5. Non-kinetic Strike Concepts  
These concepts disrupt enemy operations without escalation. 
 Fouling Agents (II:D:2:a, p. 51) 
 Jamming or Spoofing/Decoy Ops (several concepts covered in 
Chapter II of this report involved these tactics) 
B. LESSONS LEARNED 
As with each successive CRUSER WIW event, participant polls were distributed 
to capture feedback used to inform future event design (see Appendix D for poll 
instrument). The following are recommended improvements in both process and design. 
1. Process  
Scheduling of future workshop during NPS Enrichment Week (the week between 
regularly scheduled academic quarters) is strongly recommended to allow for 
deconfliction with NPS student class schedules. This workshop began on a Monday, and 
concluded with out-briefs on the following Thursday morning. It was suggested that 
future workshops start on a Tuesday through the full day on Thursday to accommodate 
travel for out of town guests. Feedback reinforced the value of inviting guests from 
industry and other Navy commands, and strongly recommends that this additional 
participant diversity dynamic be part of future events. 
2. Workshop Design 
Feedback on the following design elements favorably reinforced the design 
choices made for this CRUSER WIW, and recommend that these elements be maintained 
in future event design. 
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1) Innovation seminar 
2) Visiting subject matter expert (SME) introductions during the plenary 
sessions 
3) Expansion of the Challenge Brief if civilians are involved 
4) Inclusion of the NPS Chair of Innovation as a facilitator following the 
initial Innovation Seminar 
5) Continued use of SAKAI collaborative learning environment website page 
for access to workshop read-aheads and other preparation materials – 
possibly with an earlier set up 
6) Workshop Participant Booklets that include complete participant contact 
and bio information 
 
C. THE WAY AHEAD 
The next step will be to invite industry and Navy labs to demonstrate the technical 
capabilities related to the selected concepts in a three day CRUSER UxS technical 
symposium in Spring 2012. They will then be invited to participate in a field 
experimentation planned for FY13. This full process fulfills the second tenet of CRUSER 
– from concept generation to experimentation. 
1. Technology Symposium  
Scheduled for 7-10 May 2012 in Monterey, this symposium titled ―Unmanned 
Systems – The Way Ahead‖ is designed to be a follow-on to the CRUSER WIW 2011. 
This event is scheduled in conjunction with 10
th
 International Mine Warfare Technology 
Symposium ―Mines, Counter Mine, and Unmanned Systems – The New Horizon.‖ The 
combined event sponsored by NPS, ONR, the Program Executive Office, Littoral Combat 
Ships, OPNAV (N85), and CRUSER is being announced as the TENTH International 
Mine Warfare Technology Symposium. 
 59 
The symposium is unclassified with foreign participation expected and welcome. 
Naval and Industry plenary speakers will address a broad range of topics including the 
current status and future requirements of mine warfare technology. Break-out sessions 
will showcase basic scientific and emerging technology research with applications to the 
undersea environment and specialized sessions focused on Littoral Combat Ship centric 
mine warfare, advanced undersea warfare systems, mine warfare applications in Maritime 
Homeland Defense, gliders, environmental research and developments, operational data 
flow and communications, and other related topics. Many of the topics covered above 
will likely exploit unmanned systems to aid in meeting particular technical requirements.          
2. Field Experimentation and Research Expo 
In early FY13, the developed concepts will be demonstrated and refined in five 
days of field experimentation. Envisioned as a ―wet test‖ for concepts originally 
generated in the CRUSER WIW 2011, the field experimentation will take place at Camp 
Roberts and demonstrate technologies presented at the May 2012 UxS Technology 
Symposium in response to those original concepts. Finally, these fully developed and 
demonstrated concepts will be introduced to the federal level community of interest at the 
Washington DC Symposium Research Expo in Spring 2013.  
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APPENDIX A: WORKSHOP SCHEDULE 
 
Warfare Innovation Workshop 
 
“Revolutionary Concept Generation from  
Evolutionary Naval UxS Technology” 
 
Monday, 19 September 
 
0730* - SSG Selectee Orientation Bill Glenney, Deputy Director, SSG Ingersoll 263 
(*Please note ONLY those involved in the SSG need attend these sessions) 
 
0830 – Registration   Capt Carol O’Neal, USN (ret)  Ingersoll 122 
 
0900 – Opening Remarks  Capt Jeff Kline, USN (ret)  Ingersoll 122 
 Introductions 
 Workshop Overview 
 
0930 – Innovation Seminar  Dr. Neal Thornberry   Ingersoll 122 
 
1130 – Lunch 
 
1230 –Mission Engineering    UxS Cross-Functional Team    Ingersoll 122 
 
1330 – Visiting Engineers Intros      Ingersoll 122 
 
  SSC-PAC:    Ed Crenshaw, Azi Sharif, Kyle Luthy 
  CAL TECH:   Noel DuToit 
  NORTHROP GRUMANN: Robert Lipscomb, Charles Chen, John  
Lademan, Dean Clark 
  NASA JPL:   Robert Stirbl, Jeremy Ma, Brett Kennedy 
  JHU/APL:   Dan Dutrow 
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  TETHERED AIR, INC  Jeremy Wiley 
  NSWC – Panama City  Andrew Bouchard 
 
   
1400 -  Scenario and Mission  Capt Jeff Kline, USN, (ret)  Ingersoll 122 
  
1430 -  Break out into assigned teams to begin Concept Generation 
  
 TEAM Silver Fox       Ingersoll 260 
 TEAM Talisman       Ingersoll 263 
 TEAM Big Dog        Ingersoll 265 
 TEAM Piranha        Ingersoll 267 
   
1630 – Informal “Icebreaker” All workshop participants   Ingersoll  
 Beer and Pizza  UxS Cross-Functional Team,  Courtyard  




Tuesday, 20 September 
 
0730 – SSG Selectee Orientation Bill Glenney    Ingersoll 263 
  
 




1500 – SSG Selection Orientation      Bill Glenney Ingersoll 263  
 
 
Wednesday, 21 September 
 
0900 – 1000 – Team QUICKLOOK Reports     Ingersoll 122 
 
1000 – 1500 – Teams continue Concept Generation   Ingersoll 
Breakout  
          Rooms 
 
Thursday, 22 September 
 
0900 – 1200 – Team Outbriefs      Ingersoll 122 
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APPENDIX B: GUEST BIOS 
These bios include those of the visiting engineers and invited NPS faculty 
members – however is not inclusive of all guests, only those who submitted information 
for inclusion. 
 Andrew Bouchard 
 Charles Chen, Ph.D. 
 Edward Crenshaw 
 Noel du Toit, Ph.D. 
 Brett Kennedy 
 Sean Kragelund 
 Robert Lipscomb 
 George Lucas, Ph.D. 
 Kyle Luthy, Ph.D. 
 Jeremy Ma, Ph.D. 
 Huong Q. Pham 
 David Place 
 Azi Sharif 
 Robert C. Stirbl, Ph.D. 




Andrew Bouchard is a research engineer focused primarily on the development of 
autonomy for unmanned marine vehicles at the Naval Surface Warfare Center Panama 
City Division (NSWC PCD), where he has been working since August 2009. He holds an 
MS in mechanical engineering from Vanderbilt University (2009) and a BS in 
mechanical engineering from Franklin W. Olin College of Engineering. His research 
interests include autonomous path planning algorithms and behaviors, payload autonomy 
for unmanned vehicles, message optimization for acoustic communications, and creation 
of an arbitration framework for machine intelligence. Mr. Bouchard currently chairs the 
Advanced Autonomy Working Group that provides input on transition and procurement 
to Navy PMS-408 (EOD/CREW). 
 
Current relevant research projects: 
Unmanned Cooperative Cueing and Intervention (UCCI) 
Payload Autonomy for Unmanned Underwater Vehicles (UUVs) 
 
Publications and Presentations: 
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Bouchard, Andrew, ―Unmanned Robot Message Optimization Method.‖ MOOS 
Development and Applications Working Group, August 2010. 
Bouchard, Andrew. ―Development of a Payload Computing Module for Autonomy.‖ 
ONR Unmanned Systems Review, January 2010. 
Bouchard, Andrew. ―Design and Control of a Manipulator for Autonomous Joining of 




CHARLES CHEN, PH.D. 
Dr. Charles Chen is a Technical Programs Manager at Northrop Grumman Electronic 
Systems. His focus is on efforts that incubate and develop 6.1/6.2 concepts, to enable it 
for eventual 6.3/6.4 technology demonstration activities. Latest initiative is in advanced 
cognitive sensing and unmanned systems. In his 9+ years at Northrop Grumman, he has 
lead development efforts for sensor systems and processing exploitation and 
dissemination (PED) systems. He has also lead multiple research and development 
programs, addressing innovative ground-moving target indicator (GMTI) architecture, 
and Space Time Adaptive Processing (STAP) algorithm processing approach / 
framework.  
 
Dr. Chen is a graduate of Cornell University, receiving his BS in Electrical Engineering 
on 1997 and his PhD on 2001. 
 
 
 EDWARD CRENSHAW 
 
SPAWARSYSCEN PACIFIC, CODE 56440 
53560 Hull St, San Diego, CA 92152 
Office: 619-553-5592 
Email: Edward.crenshaw@navy.mil  
Experience 
2001 - Present SPAWARSYSCEN Pacific San Diego, CA 
Diver Held Imaging and Navigation System Test Director (2009 – Present) 
 Managing the user evaluation for the DHINS, arranging test events and collecting user 
feedback from EOD Divers employing the system 
 Liaison with EOD personnel to support their use of the system 
 Providing sensor and underwater systems subject matter expertise to program as need ed 
Hull UUV Localization System Technical Design Agent and COR (2008 – Present) 
 Monitoring progress of two vendors as they developed hull searching systems  
 Wrote test plan to test each system and managed 3-week test for each vendor’s system 
to ensure requirements compliance.  Wrote test report and provided input for production 
system selection 
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 Conducted environmental testing on system which was selected for Fleet use (6 -week 
test: thermal and electromagnetic environments).  
 Providing UUV and sensor subject matter expertise to program office as needed 
 Providing logistics support for testing system in San Diego (personnel, control craft, 
surface ships for test bed) 
Marine Mammal Expeditionary Environmental Control Facility (2006-2008) 
 Assisted with the development of an expeditionary tent system to house the Navy’s 
Marine Mammal Mine Hunting Systems (dolphins) for long term when they are to be 
employed in harsh environments 
 Assisted with developing collective protection (chemical, biological, radiation, nuclear 
protection) for the housing as a follow-up. 
 Developed test plan and monitored 3-week test at Eglin AFB to ensure collective 
protection was successful  
Mine Countermeasures Training Targets Technical Design Agent (2001 -2006) 
 Designed acoustical and physical replicas of foreign threat mines to create low-cost 
training targets for Navy MCM systems 
 Developed threat validation guide to ensure targets developed met the requirements or 
any shortcomings due to classification limitations were documented  
 Let multiple contracts to develop prototypes and production units  
Marine Mammal Systems (2001-2004) 
 Supported test and evaluation of new components; provided mechanical design for new 
hardware as needed 
Education 
1993 - 2001 Florida Atlantic University Boca Raton & Dania, FL 
 M.S., B.S. Ocean Engineering 
 Focus on underwater sonar signal processing (thesis topic: bathymetric sidescan 
sonar array on a UUV) 
 Worked in various labs, provided mechanical design work, systems engineering 
support, UUV maintenance, and soldering components on printed circuit boards 
 
 
NOEL DU TOIT, PH.D. 
 
Dr. Noel du Toit is currently a Visiting Professor at NPS (MAE) and a postdoctoral 
scholar at Caltech (Prof. Richard Murray, CDS). He received his Ph.D. in Mechanical 
Engineering from Caltech in 2010 (advisor: Prof. Joel Burdick, ME), focusing on robot 
motion planning in dynamic and uncertain environments for his dissertation. His 
background is in control- and estimation theory, robot motion planning, and system 
identification. Dr. Du Toit received a B.Eng. (Mechanical Engineering) Cum Laude from 
the University of Stellenbosch, South Africa (2001) and a M.S. in Aeronautical 









9/96 - 6/97 Stanford University - M.S., Mechanical Engineering 
   with a emphasis in the design of robotic and mechatronic systems 
8/92 - 5/96 University of California, Berkeley - B.S. with honors, Mechanical Engineering 
with a emphasis in controls and robotics 
 
Selected Employment and Research 
7/97-present Jet Propulsion Laboratory- currently Senior Engineer and Supervisor, Robotic Platforms 
Group 
 Cognizant Engineer and Contract Technical Manager for the Robotic Arm on the 
Mars Science Laboratory (MSL) rover 
o Technical, cost, and schedule responsibility for a $20M element of the flight 
project 
 $14.8M external, $5.2M internal 
 Task Manager and Lead Mechanical Engineer for the Lemur-class robots (Lemur 
I, IIa, IIb, III).  These robots are small, limbed, dexterous systems for autonomous 
inspection and maintenance in space.  Lemur IIb is dedicated to autonomous cliff-
climbing 
 Lead Robotics Engineer for various DARPA studies, including assembly of orbital 
telescopes and mobility of humanoid robots 
 Lead Mechanical Engineer (design definition, detailed design, testing, and field-
testing) 
o Exploration Technology Rover (FIDO), the functional prototype for the 
Mars Exploration Rover (MER) 
o Tactical Mobile Rover (TMR), a robotic ―pointman‖ for DARPA 
o All-Terrain Explorer (ATE), a concept system of robots for the exploration 
of traditionally inaccessible terrain; used in the AMASE ASTEP field 
testing 
 Design Engineer for two elements aboard the Mars Exploration Rover (MER) 
o Rover/Lander separation joints 
o Aerogel insulation of the Rover chassis 
 
Selected Publications, Presentations, and Patents 
Kennedy, Brett, et al., ―Lemur IIb: a Robotic System for Steep Terrain Access‖, Industrial 
Robot, v 33, n4, 2006, 265-9 
Kennedy, Brett, et al., ―Lemur IIb: a Robotic System for Steep Terrain Access‖, 8th International 
Conference on Climbing and Walking Robots, Sept 13-15, 2005, London 
Kennedy, Brett, et al., ―The Lemur II-Class Robots for Inspection and Maintenance of Orbital 
Structures: A System Description‖, 8th International Conference on Climbing and 
Walking Robots, Sept 13-15, 2005, London 
Kennedy, Brett, et al., ―STAR: Steep Terrain Access Robot‖ NASA Tech Brief, NTR#41158 
Kennedy, Brett, et al., ―LEMUR IIb: Kinematic Modification for Robotic Climbing of Inclined 
Surfaces‖ NASA Tech Brief, NTR#40354 
Kennedy, Brett, et al., "LEMUR: Legged Excursion Mechanical Utility Rover".  Autonomous 
Robots v.11, pp 201-205, Kluwer Press, 2001 
Kennedy, Brett, Chris Melhuish and Andrew Adamatzky, ―Biologically Inspired Robots‖, 
Electroactive Polymers (EAP) as Artificial Muscles, pp. 497-533, SPIE, 2001 
Whittaker W., Urmson C., Staritz P., Kennedy B., and Ambrose R. "Robotics for Assembly, 
Inspection, and Maintenance of Space Macrofacilities" presented at AIAA Space 2000, 
Long Beach, CA. AIAA-2000-5288  
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Hickey, Gregory, Brett Kennedy, and Tony Ganino, ―Intelligent Mobile Systems for 
Assembly, Maintenance, and Operations for Space Solar Power,‖ Proceedings of the 
Space 2000 Conference, Albuquerque, NM, 2000 
Kennedy, Brett, ―Three-fingered Hand with Self-adjusting Grip‖.  NASA Tech Brief  NPO-
20907 
Kennedy, Brett, ―Small Package, 2-Axis Scanning Mirror‖. NASA Tech Brief NPO-20904 
Hickey, Gregory and Brett Kennedy, ―Legged Excursion Mechanical Utility Robot (LEMUR)‖. 
NAS Tech Brief NPO-20897 
Kennedy, Brett and Anthony Ganino, ―Hybrid Track/Wheel Rover Mobility System‖. Pending 
NASA Tech Brief 
Berman, Russell, Brett Kennedy, David Matsumoto, and Michael Radford. System for 





Sean Kragelund received a B.S. degree in Mechanical Engineering from Santa Clara 
University in 1995. Over the next four years he worked on several commercial aircraft 
programs at Boeing before catching the robotics bug and entering graduate school full-
time. In the Autonomous Flight Systems Laboratory at the University of Washington, 
Sean helped develop weather-based path planning algorithms for a Seascan UAV, a 
predecessor of today’s Insitu/Boeing ScanEagle. After earning an M.S.E.E. in Controls 
and Robotics, Sean began working for the Navy in 2002. As an electronics engineer at 
the Naval Undersea Warfare Center’s Keyport Division, he supported multiple 
underwater vehicle programs including the Semi-Autonomous Hydrographic 
Reconnaissance Vehicle (SAHRV) in the PMS-Naval Special Warfare program office. In 
2005, Sean joined the NPS Center for Autonomous Vehicle Research (CAVR), where his 
responsibilities include systems engineering, payload integration, and software 
development  for CAVR’s aerial (ScanEagle), surface (SeaFox), and underwater 
(REMUS) vehicles. Sean has led the SeaFox unmanned surface vessel (USV) programs 
at CAVR since 2006. In 2009 he received a Science, Math, and Research for 
Transformation (SMART) Scholarship to begin a PhD program at NPS in Mechanical 
Engineering. His research interests include USV nonlinear dynamics and control for 
autonomous riverine operations and collaborative operations using teams of 







3036 Cherry Ave.  




1996 - 2001 San Jose State University San Jose, CA 
 Bachelor of Science in Mechanical Engineering with General 
Emphasis 
MSME 
2001 - 2005 San Jose State University San Jose, CA 
Master of Science in Mechanical Engineering with Thermal/Fluids 
Emphasis 
Professional experience Multi-Discipline Engineer 
  2001 - 2005   Northrop Grumman ES/MS Sunnyvale, CA 
 2001 to 2003 – Test lab engineer responsible for design, fabrication, 
and conduct of specialized tests, test fixtures and facilities 
 2003 to 2004 – Support of KEI proposal.  Lead, responsible for KEI 
launcher model stabilization and erection hydraulic power system 
design and integration. 
 2004 to 2005 – Design engineer responsible for gas generator and 
other components of the Trident II ejector group and lead engineer, 
SPALT 2579 
 2005 – Support KEI P1B baseline design change and proposal effort 
and exhibition of launcher model at the AUSA show in Washington 
D.C.   
Systems Engineer 
2006 – 2008  Northrop Grumman ES/MS   Sunnyvale, CA 
 Support Tango Bravo and SLIRBM efforts 
 Design lead, aft section-LWW capsule, and trajectory effecter system 
 Proposal Manager, LWW Alpha IIa risk reduction proposal 
 Development lead for Lite Machine’s UAV integration project 
 Chief Engineer for the LWW Alpha IIa program 
Engineering Manager 
2008 – Present  Northrop Grumman ES/MS   Sunnyvale, CA 
 Managed the Launcher Development Engineering group 
 Responsible for successful demonstration of the LWW submarine 
defense system 
 Managing ALDP Test Hardware Development group  
 Program manager for all SLDS activity with Raytheon Integrated 
Defense Systems 







J. Janton;  D. Kuruma;  C. Azeka;  P. Shaw;  T. DeVane; C. 
Molina; Dale MoDavis; Bob Shriver 
Interests and activities 
Fishing, Target Shooting, ATV’s, Automobiles  
Security clearance 
Secret Clearance  
Awards received 
TAP Awards Received at NGES/MS: 
2002 – Bull Gear Nitriding Effort 
2003 – KEI Launcher Model 
2005 – SPALT 2579, Maintenance Platform Canopy Safety SPALT 
2009 – Successful Demonstration of the LWW system 
2009 – Alpha III Proposal Effort 
NGES/MS President’s Leadership Awards: 2002 and 2003 
 
 
GEORGE R. LUCAS, JR., PH.D. 
  
George Lucas is Class of 1984 Distinguished Chair in Ethics in the Vice Admiral 
James B. Stockdale Center for Ethical Leadership at the United States Naval Academy 
(Annapolis), and Professor of Ethics and Public Policy at the Graduate School of Public 
Policy at the Naval Postgraduate School (Monterey, CA).  He has taught at Georgetown 
University, Emory University, Randolph-Macon College, the Catholic University of 
Louvain, Belgium, and served as Philosophy Department Chairman at the University of 
Santa Clara in California.   He has received research fellowships from the Fulbright 
Commission and the American Council of Learned Societies, and has served three times 
(in 1986, 1990, and 2004) as director of National Endowment for the Humanities 
Summer Institutes for College and University Faculty. 
A Summa cum Laude graduate in Physics from the College of William and Mary, 
he is a member of Phi Beta Kappa, Omicron Delta Kappa, and received the Sigma Xi 
Research Award in 1971 for his work in intermediate energy particle physics, published 
in The Physical Review (1973).  Professor Lucas received his Ph.D. in Philosophy from 
Northwestern University in 1978. 
Lucas is the author of five books, more than forty journal articles, translations, 
and book reviews, and has also edited eight book-length collections of articles in 
philosophy and ethics.    Among these titles are Anthropologists in Arms: the Ethics of 
Military Anthropology (AltaMira Press, 2009), Perspectives on Humanitarian Military 
Intervention (University of California Press, 2001), Lifeboat Ethics: the Moral Dilemmas 
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of World Hunger (Harper & Row, 1976), Poverty, Justice, and the Law: Essays on 
Needs, Rights, and Obligations (UPA, 1986), The Rehabilitation of Whitehead: An 
Analytic and Historical Assessment of Process Philosophy (State University of New York 
Press, 1989), and The Genesis of Modern Process Thought, which was named an 
―Outstanding Academic Selection‖ in 1983 by Choice.  His essays and peer-reviewed 
scholarly articles have appeared in The Journal of Philosophy, The Journal of the History 
of Philosophy, the Journal of Military Ethics, the Journal of National Security Law & 
Policy, the International Journal of Applied Ethics, the Journal of Religion, the 
International Philosophical Quarterly, Smithsonian Interdisciplinary Studies, the Review 
of Metaphysics, the Transactions of the C. S. Peirce Society, Soundings, Process Studies, 
The Owl of Minerva, Tijdschrfit voor filosofie (Louvain, Belgium), and Ruch 
Filozoficzny Kwartalnik (the oldest philosophy journal in Poland). 
Dr. Lucas is also co-editor (with Capt. Rick Rubel, U.S. Navy, retired) of the 
textbook, Ethics and the Military Profession: the Moral Foundations of Leadership, and 
a companion volume, Case Studies in Military Ethics, both published by Pearson 
Education (New York, 2004).  These texts are used in core courses devoted to ethical 
leadership at the United States Naval Academy, the United States Air Force Academy, 
and at Naval ROTC units at over 57 colleges and universities throughout the nation.  
 
 
KYLE LUTHY, PH.D. 
 
Dr. Kyle Luthy is a Computer Engineer at SPAWAR Systems Center Pacific where he is 
responsible for the sensor systems of an autonomous underwater vehicle with specific 
focus on the test and evaluation of a directional acoustic system used for navigation. Dr. 
Luthy received his doctorate from North Carolina State University where his research 
efforts focused on low power and resource constrained distributed sensor systems and 
autonomous vehicles.   He has also been heavily involved in conformal textile-based 
sensor systems as well as industry projects developing wireless sensing solutions for long 





JEREMY MA, PH.D. 
 
Ph.D. Caltech, 2010 
Computer Vision Group, JPL 
 
Jeremy has recently joined JPL upon completing his PhD 
requirements at the California Institute of Technology in the 
winter of 2009. His thesis research focused on developing and 
applying a real-time estimator for 6-DOF pose estimation for 
rigid bodies using a stereo sensor head. He has also investigated 
the problem of sensor planning for model identification of 
objects (i.e. how and where should a robot move to best discern 
one object from a set of other similarly looking objects), as 
well as the related problem of object search and localization 
(i.e. how and where should a robot move to find a specific object 
and localize its 6-DOF pose within the environment). Having also 
served as the perception-team coordinator for Caltech's entry 
into the DARPA Urban Challenge 2007, Dr. Ma has experience 
working with a wide range of sensing modalities (e.g. laser-
scanners, radars, pan-tilt heads, stereo cameras, and flash-




HUONG Q. PHAM  
Born in South Vietnam, and raised in the USA since the fall of Saigon, 1975, Ms. Pham 
holds a BSEE from the University of Maryland as a Chancellor's and Merit Scholar She 
is also a member of the certified Acquisition Professional Community, SPRDE Level III 
since 2001. 
 
From 1987-1991 at Vitro Corp., Ms. Pham held a Combat System Engineering (SE) 
position responsible for the design, development and testing of the Anti Air Warfare 
(AAW) Weapon Direction System (WDS Mk 14 NTU) and Combat Direction System 
(CDS) for the CGD 38 and DDG 993 ship classes. 
 
From 1991-1994, Ms. Pham joined the US Navy civil service community at the 
NAVSEA White Oak campus.  She led the SE effort for display and control of the Anti 
Submarine Warfare (ASW) Fire Control System program for the ASW ship classes.  In 
1994, she assumed SE responsibility for the modeling and simulation effort to model and 
simulate specific functional capability of the surface Navy combat systems to be 
conducted in a distributed environment to assess the BMC4I aspects of real-time 
operation and operator interface dependencies across multiple platforms and networks. 
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 At the NAVSEA Dahlgren campus, in 1994-2001, she supported NSWCDD BMC4I SE 
efforts across multiple programs to include Navy Area TBMD, AEGIS Ballistic Missile 
Defense, Kinetic Energy Boost, and Ground Based Missile Defense.  In 2001-2003, she 
assumed the management responsibility for development of the T32, Force System 
Engineering Branch. 
 
 From 2002 to 2004, as the NAVSEA 061 Surface Navy SIAP Technical Lead and dual role of 
PEO IWS 1A2 JBMC2 SIAP Technical Coordinator, Ms. Pham coordinated and directed 
technical staffs to include DD, APL, DN, PHD, and industries to conduct the development of 
SIAP Block 1 products. 
 
 From 2004 to present, as the PEO IWS 7B OA Experimentation Action Officer, she provided 
the technical concept coordination, leadership in budget recommendation, management, and 
task monitoring to the Navy OA enterprise Team’s planning and execution of the Fn/OA 
Experimentation Initiative which includes the following organizations PEO C4I/SPACE, PEO 
Subs, PEO IWS, PEO T, RDA CHENG, NAVSEA, SPAWAR, NAVAIR, NUWC, FFRDC, 
and Industry. 
 
 In 2008, Ms. Pham has been selected as the NAVSEA Open Architecture Technical Warrant 
Holder and is currently responsible for supporting the Naval Enterprise on all technical 




Commander W. David Place (USN/Ret) earned his commission 
through the Navy Enlisted Scientific Education Program and 
graduated from the University of Utah in 1975 with a 
Bachelor of Science Degree in Mathematics.  He subsequently 
attended flight training where he received his designation 
as a Naval Flight Officer.  
 
David Place served in several ASW Patrol Squadrons during 
his career. He also attended the Naval Postgraduate School 
in Monterey, California where he earned a Master of Arts 
Degree in National Security Affairs. 
 
Additionally, he served on several Fleet Staffs, and during 
his assignment as the Administrative Officer for Air Test 
and Evaluation Squadron ONE (VX-1) he was selected as the 
1986 Naval Air Test Center Officer of the Year and received 
the prestigious Admiral Merlin O’Neill Award. 
 
He reported as the Executive Officer of VC-6 in 1992 and 
assumed Command in January 1994.  His tour as Commanding 
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Officer was highlighted by VC-6’s receipt of two Golden 
Anchor Awards and two Battle Efficiency Awards. He also 
served as the Combat Direction Center (CDC) Officer on board 
USS AMERICA (CV 66). He was then assigned to the staff of 
Commander, U.S. Atlantic Fleet, where as an Operations 
Analyst, he was responsible for Aviation Readiness and 
Unmanned Aerial Vehicle requirements.  Commander Place 
completed his military career as the Officer in Charge of 
the Southern California Offshore Range, in San Diego. 
 
Commander Place was awarded the Legion of Merit, the 
Meritorious Service Medal (4 awards), the Navy/Marine Corps 
Commendation Medal (4 awards) and numerous other ribbons and 
medals. 
 
Following his retirement from the Navy, he worked as an 
Operations Analyst in the Requirements Department at 
Commander, Naval Surface Force.  There, he coordinated the 
review of all JCIDS documents and provided recommendations 
that addressed Navy requirements for all variants of 
unmanned vehicles. 
 
David Place is currently a Research Associate with the Naval 
Postgraduate School.  He serves as a Technical Advisor to 
Commander, Third Fleet and supports the Office of the 
Undersecretary of Defense (AT&L) for Unmanned Warfare.  He 
also provides assessments regarding UAS capabilities and 
requirements, and functions as an Unmanned Systems liaison 




Azi Sharif earned her MS in Computer Science from San Diego State University 
in May 2005 and completed her Thesis on “Effects on Stigmergic Behavior of 
Variations on Computational Ant Colonies”. For her thesis project she reviewed 
and analyzed various emergent ant colony models which were all based on and 
inspired by specific real and live Complex Adaptive Systems (CAS). She also 
developed a simulated model of an ant colony which was able to find shortest 
path through stigmergic emergent behavior.  She is now a PhD candidate in 
Systems Engineering at Southern Methodist University, has completed all 
coursework and is working on her dissertation. The dissertation topic is develop a 
methodology for increase probability of Science &Technology transition to 
program of records with focus on Autonomous Systems. 
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She has worked for numerous projects at SSC Pacific for the past eight years. 
For the past 4 years she has supported the Littoral Combat Ship ASW Mission 
Package Systems Engineering team and PMS 420 APM as the Risk Manager 
and Configuration Manager for the LCS ASW MP program and served as 
technical advisor for the Unmanned Surface Vehicle Concept & Technology 
program for PMS 403. For the past 12 months, she served as the SSC PAC IPT 
Lead and the ONR Deputy PM for Autonomous Aerial Cargo Utility System 
Innovative Naval Prototype program. In addition to technical and program 
management efforts, Azi has led and contributed to numerous SSC PAC Process 
Improvement related IPT’s and has served as the Lean Six Sigma Black Belt 
Lead for ISR Competency for the past 2 years. 
 
 
ROBERT C. STIRBL, PH. D. 
Robert C. Stirbl, Ph.D., Program Manager for the Navy, Marines and Other DoD 
Agencies Office at JPL. He has developed the concepts as well as led the 
program development and adaptation of numerous NASA and DoD funded 
enabling technologies for insertion into Navy, DoD, NASA, medical and industrial 
applications, that include, but not limited to:  
-The design of a High-Resolution, Non-Rotating 360 Periscope Imaging 
sensor head,  
-Integration and in-water demonstration of ONR & NASA funded Intelligent 
Autonomous UUVs/USVs CARCaS Mission Optimized path replanning 
navigation & Hazard Avoidance/Vehicle Health Monitoring as well as  
- the first demonstration of a fully autonomous electricity generating in an 
in-situ SOLO-TREC ocean sensor “floater” via harvesting the ~10C ocean 
temperature difference using a custom phase change material system that 
is being integrated into the Teledyne Webb Research Slocom glider. 
A recognized electro-optical systems design expert and Project/Program 
Manager with 35 years of academic and industrial experience in High Energy 
Laser electro-optical system design for Northrop-Grumman and Riverside 
Research Institute. He has designed, and developed over 20 patented optical 
methods for CMOS image designs, DoD High Energy Laser track & target 
classification identification and non-invasive laser biomedical skin cancer 
diagnosis. 
 
Dr. Stirbl received his B.S.E.E. and M.S.E.E. degrees in Electrical Engineering 
from the City College of New York in 1973 and 1976 and his Ph.D at the 
Graduate Center of the City University of New York in 1981. He has taught 
courses in quantum- and electro-optical system design at N.Y.U. School of 
Graduate Studies, Pratt Institute, City College of New York and was a Professor 
of Electrical Engineering at Manhattan College. 
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Innovation Chair: GSBPP (Graduate School of Business and Public Policy)  
Naval Postgraduate School (NPS), Monterey, CA 
 
Faculty Director – Babson Executive Education 
Associate Professor of Management - The Management Department  
Babson, College, Wellesley, MA.  
 
Dr. Neal Thornberry is currently on a joint appointment with Babson College and the 
Naval Post Graduate School. He was recently appointed Innovation Chair in the Graduate 
School of Business and Public Policy (GSBPP) at the Naval Postgraduate School where 
his duties include working with the Navy and Department of Defense to encourage a 
strong focus on innovation. He is sponsored by the Office of Naval Research. 
In his Chair position, he collaborates regularly with the top echelon of the Navy, DoD 
and NPS to help bring greater innovation and entrepreneurial thinking to the officer ranks 
of the Navy and the Department of Defense through executive education and consulting. 
He is also actively involved with NPS in curriculum development and applied 
research.—all with a focus on innovation and entrepreneurial orientation. He is currently 
working with NPS to establish a Forum for Innovation Research Strategy &Teaching). 
The purpose of the this forum is to provide a community of innovation practice and 
applied research to help the Navy carry out its mission in more effective, efficient, and 
impactful ways. 
 
At Babson College, he is an Associate Professor in the Management Department and 
Faculty Director in Babson’s Executive Education Division where he is responsible for 
program design, development and delivery, selection and coaching of faculty, client 
relations, and business development. He has been instrumental in the development of 
Babson’s first Corporate Entrepreneurship open enrollment program and has also led a 
number of customized, company specific management development programs.  
 
Dr. Thornberry has written numerous articles and cases on business management both in 
the United States and Europe. His most recent book entitled ―Lead like an Entrepreneur: 
keeping the entrepreneurial spirit alive within the corporation‖ (McGraw-Hill, 2007) has 
been used by numerous organizations around the globe and was recently translated into 
Chinese.  His work has appeared in the European Management Journal, Project 
Management Journal, Behavioral Science, Fortune Magazine, Industry Week, Business 
Week, and the Journal of Management Development.  His article ―A View About Vision‖ 
was selected as one of the keystone articles for inclusion in Contemporary Issues in 
Leadership (1998).  His current research interests are in the areas of corporate 
entrepreneurship, senior management teamwork, transformational leadership, strategy 
implementation, and the management of change. Dr. Thornberry was recently selected for 
inclusion in ―Who’s who in Business Higher Education. 
 
Dr. Thornberry has also been a guest lecturer in executive development programs with a 
several other universities including Duke Executive Education, UNC, Northwestern 
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University, Tsinghua (Beijing), HEC in France, The Australian Graduate School of 
Management, and Ashridge Management College in the UK.  He has extensive 
international experience teaching and consulting with a number of Global organizations 
including Estee Lauder, SAP, DaimlerChrysler, Ford Motor Company, Siemens, Alfa 
Laval Thermal, Sodexho, IBM, AXA, and Kimberly-Clark. 
 
Dr. Thornberry is the co-founder of EDP International, a consulting firm specializing in 
Innovation, Organizational Change, Strategy Implementation, and the development of 
entrepreneurial leaders within the corporation. His clients include GE, Kimberly-Clark, 
Iron Mountain Storage Company, SmithKline-Beecham, McKesson, Home Depot, 
Sodexho, SolidWorks, and Chrysler. 
 
He holds a Masters and PhD in Organizational Psychology from Bowling Green State 





APPENDIX C: ADDITIONAL CONCEPTS 
Each team considered several concepts during their work time. At the direction of 
workshop leadership, teams did not discard any concepts – only focused on those with 
the most merit. As requested, concepts that fell by the wayside during the workshop 
process were submitted for inclusion in this report appendix. The concepts below are in 
no specific order. Please contact CRUSER at NPS for more information on any concept 
listed below. 
TEAM BIG DOG CONCEPT ANNEX: 
These additional concepts generated by TEAM Big Dog are mostly the work of 
two members of this team: 
 Please contact Jeremy Wiley of Tethered Air, Inc. 
(jeremy@tetheredair.com) for more information about any concepts in 
SECTIONS 1 – 4 
 The POC for SECTIONS 5 – 8 is LT Adam Bush (arbush@nps.edu)  
 For questions about concepts in SECTION 9 contact Andrew Bouchard at 
NSWC Panama City (Andrew.Bouchard@navy.mil)  
1. One Tether 
a.  Kite communications relay - rapidly-deployable LoS extender 
―Over-the-horizon‖ littoral USV mine countermeasure (MCM) 
operations can be enabled by high-altitude communication relay from an autonomous kite 
flown by a USV/surface combatant (see Figure 38).  
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\  
Figure 38. Kite communications relay concept  
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
Risk to the surface combatant operator would be mitigated by long-range operator 
connectivity. With a 1-mile high kite, the LOS radius is 89 miles, and at 2 miles high, the 
range is 125 miles. With a kite deployed from each vessel, this range roughly doubles. 
b.  C4ISR modules for independent kites 
Long-range C4ISR capabilities can be enabled by ―multi-mission 
modules‖ suspended by independently-anchored autonomous kite. A powered rope 
ascender may be used to refresh batteries and switch payloads without taking the 
platform out of the high-altitude position. 
c.  Towed glider as very high-altitude C4ISR payload 
Very high-altitude C4ISR modules for deployed UxS can be 
enabled by UAV-towed glider. An Air Force Research Laboratory (AFRL) proposed 
towed glider package would be capable of reaching thirteen miles, much higher than the 
host aircraft’s ceiling, which would provide a C4ISR payload with a 320 mile LOS radius 




Figure 39. Towed glider as very high-altitude C4ISR payload concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
d.  Towed glider for parasitic aircraft 
Parasitic UAV refuel/rearm/replenish operations from an 
unmodified cargo aircraft can be enabled by a towed glider package (see Figure 40). An 
equipment package housed in the cargo bay of an unmodified cargo aircraft would extend 
a cable-attached glider from the rear cargo doors, which would raise to an altitude above 
the turbulent zone of the host aircraft to allow parasitic aircraft to interface with the host 
aircraft without turbulence. 
 
Figure 40. Towed glider for parasitic aircraft concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
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2. Two Tethers 
a.  “Carrier-in-a-box” 
High-capability, fixed-wing UAV operations from surface 
combatants can be enabled by a kite-suspended arresting wire actuated by cabled robotics 
(see Figure 41).  
 
Figure 41. Carrier-in-a-box concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
High-capability naval airpower could be decentralized from carriers and onto surface 
combatants to allow greater coverage over large theaters, and faster responses to time-
sensitive missions. Any capability available on a UAV would be available in this force 
structure, because the aircraft’s only modification is an overhead arresting hook. 
b.  Air-deployable carrier capability 
Fast realignment of high-capability UAVs can be enabled by 
―Carrier-in-a-box‖ transported by cargo aircraft to in-theater vessel (see Figure 42). 
Realigning the carrier capability to deployed vessels or seabases would allow high-
capability aircraft to be strategically realigned towards unexpected changes in warfare. 
 
 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
Figure 42. Air-deployable carrier capability concept 
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c.  Covert/decoy carrier 
Container ship as a physical aircraft carrier decoy can be enabled 
by ―Carrier-in-a-box‖ to launch large UAVs (see Figure 43).  
 
Figure 43. Covert/decoy carrier concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
The radar signature of UAVs taking off from a vessel of that scale could be a credible 
decoy to help shape the battlespace. For instance, five of these decoy vessels that spread 
out from a carrier’s position would spread the enemy’s response capabilities thin. 
d.  Ship cloak 
Physical cloak for surface combatants, commercial vessels, or 
USVs can be enabled by multiple towed kite cable attachments (see Figure 44). A simple 
sheet-like printed material could conceal a large vessel from a certain range. 
 
Figure 44. Ship cloak concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
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e.  Large-area, selectively-deployable fouling line 
Selective emplacement of a fouling line for channel restriction or 
maritime interdiction can be enabled by kite towed between two vessels, USVs, or 
anchoring positions on either side of a target vessel (see Figure 45).  
 
Figure 45. Large-area selectively-deployable fouling line concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
For example, an enemy’s military escort to a civilian convoy could be selectively fouled 
(or threatened with fouling) if the convoy passes through the specified area. This could 
create a deterrent which forces the enemy to become the first instigator of action. 
f.  Boarding team emplacement 
Emplacement of boarding teams for maritime interdiction can be 
enabled by kite towed between two vessels, USVs, or anchoring positions on either side 
of a target vessel (see Figure 46). The risk to boarding teams of response or counterattack 




Figure 46. Boarding team emplacement concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
3. Three Tethers 
a.  Ship-to-shore crane 
Payload transfer from off-shore vessel to inland landing area can 
be enabled by independently-anchored air-suspended cranes (see Figure 47).  
 
Figure 47. Ship-to-shore crane concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
Disaster relief, humanitarian assistance, and large scale amphibious logistics can be 
performed in austere littoral environments with no existing port infrastructure. 
b.  Covert sensor emplacement 
Sensor/non-lethal barrier/UGV emplacement within hostile 
compounds can be enabled by a lightweight, silent, low-visibility (fishing line) air-
Boarding teams being emplaced 
around the vessel 
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suspended crane (see Figure 48). Using quadcopters as lift devices instead of kites or 
balloons would make the platform quickly deployable and low visibility, and with a 
tether-powered quadcopter at 1000’ above ground level and winches operating the 
payload lines from ground positions, the platform would be silent to the ground observer. 
 
Figure 48. Covert sensor placement concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
c.  Littoral MCM 
Littoral MCM can be enabled by anchored air-supported crane (see 
Figure 49). By maintaining sensor position within inches of the water without the drift, 
vibration, noise, or downdraft effects of an aircraft platform (and with heavier payloads 
than are economically feasible aboard aircraft), this platform would enable certain sensor 
payload types to be much more effective than they are aboard current platforms. 
 
Figure 49. Littoral MCM with an anchor-supported crane 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
d.  Seabasing with commercial vessels 
Seabase warehousing and distribution from standard commercial 




Figure 50. Seabasing with commercial vessels concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
By leasing existing very large commercial container vessels as proposed in the DARPA 
Tactical Expandable Maritime Platform project, and adding a deployable, full-scale, at-
sea, ship-to-ship crane, the seabasing architecture can be enabled without the cost and 
overheard of the currently proposed specialized seabasing vessels. 
e.  Incrementally-extensible ship-to-shore link 
Ship-to-shore link from seabase can be enabled by walkable air-
suspended cranes, which employ multiple cranes to link end-to-end to each other (see 
Figure 51).  
 
Figure 51. Incrementally-extensible ship-to-shore link concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
Using powered parafoils or quadcopters to extend pilot lines and powered rope ascenders 
to deploy larger cables and anchor weights in larger and larger increments to the intended 
point may allow a new full-capability anchoring point within a few minutes. There is no 
clear upper limit to the amount of kite and cable modules that can be connected together 
into a single unified system. 
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f.  In-flight cargo transfer 
Vertical replenishment from in-flight cargo UAVs/aircraft can be 
enabled by speed-matching net suspended by air-supported crane (see Figure 52).  
 
Figure 52. In-flight cargo transfer concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
Replenishment to vessels, seabases, or ground points can be performed without losing 
cargo to inaccuracy - military members report that about ½ of cargo is lost during normal 
air resupply missions in Afghanistan. 
g.  Altitude tuning for over-the-horizon (OTH) radar 
Dynamic positioning of over-the-horizon (OTH) radar components 
in the atmospheric convergent zone can be enabled by suspending the radar from an air-
supported structure (see Figure 53). As atmospheric effects changed during the course of 
a day, the altitude of the convergence zone changes, and so OTH radar must be 
dynamically adjusted to take advantage of it. 
 
Figure 53. Altitude tuning for OTH radar concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
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4. Seabasing 
a.  Seabase conveyance landing strip 
Launching and retrieving unmodified UAVs/aircraft from seabases 
can be enabled by a hydrofoil surface platform (possibly employing super-cavitation to 
reduce wake disturbances) (see Figure 54) that is towed by a conveyance cable anchored 
between two points, which matches the aircraft’s relative speed for interface (see Figure 
55).  
 
Figure 54. Seabase conveyance landing strip concept, surface and air view 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
Current proposals for seabased landing strips require enormous physical structures, 
whether made out of modular floating containers, or some other method. This method 
may significantly decrease the scale of the equipment needed for implementation, and 
subsequently its operational demands for defense and maintenance. 
 
Figure 55. Seabase conveyance landing strip concept, undersea view 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
 
b.  C4ISR modules for commercial seabase 
C4ISR ―multi-mission module‖ capabilities for the seabase can be 
enabled by commercially-deployed ISO containers. These modules can be deployed 
aboard vessels, aircraft, or other platforms to enable the same capabilities aboard 
platforms that would otherwise not have those capabilities. 
c.  Submersible seabase assets 
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Defending seabased assets can be enabled by submersible 
containers and retractable air-suspended cranes. Air-supported cranes offer a submersible 
defense option that no other at-sea crane offers. 
d.  Super-cavitating UAV seaplane 
UAV sea landing capability can be enabled by super-cavitating 
hydrofoil as landing device (see Figure 56). Super-cavitation allows a hydrofoil landing 
device to traverse cleanly through the chop of the waves to allow an aircraft to land 
without an inefficiently rigid airframe.  
 
Figure 56. Super-cavitating UAV seaplane concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
With a sea landing capability, UAVs may be replenished more easily by submersible 
containers, UUVs, submarines, USVs, or surface combatants. 
e.  Amphibious deployment by aircraft 
High-speed, close-in deployment of amphibious vehicles from a 
large wing-in-ground (WIG) effect seaplane (which can be enabled by super-cavitating 
hydrofoil as landing device) can be enabled by underbelly sleds that match the relative 
ground speed (see Figure 57). Large WIG aircraft, like the Boeing Pelican proposal, have 
been inefficient for sea landing because of the rigid airframe required to sustain the 
impact of waves. Super-cavitation allows a hydrofoil landing device to traverse cleanly 
through the chop of the waves to allow an aircraft to land without an inefficient rigid 
airframe. Large WIG aircraft, like the Boeing Pelican proposal, offer enormous range and 




Figure 57. Amphibious deployment by aircraft concept 
IMAGE SOURCE: J. Wiley, Tethered Air, Inc. 
The long belly of the slow-flying aircraft (which can also be partially landed during the 
described operation) presents an opportunity to position heavy amphibious vehicles close 
in to shore over a large area within a very short period of time, significantly improving 
the amphibious force’s chances of survival. 
5. Electronic Attack Systems 
Frustrating enemy communications and infrastructure, and supporting surface and 
air operations. Intelligently optimize all three types of possible attackers: 1) ―spoofers‖, 
2) jammers, and 3) decoys. 
a. UxS Spoofers 
This UxS would spoof both enemy assets and any other asset of 
value by identifying incoming signals (GPS/COMPASS/C4I data transfers/Sensor data), 
and then intelligently mimicking the same signals as output, including voice output. 
b. UxS Jammers 
This UxS would identify target frequencies, and then through 
intelligent selection jam the frequencies of most importance to the adversary. 
c. UxS Decoys 
This UxS would serve as a standard decoy, by mimicking friendly 
forces, drawing enemy attention and distracting adversarial forces. It may also serve to 
waste enemy assets if adversarial forces choose to use munitions to counter a perceived 
threat. 
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6. Escort Systems 
Permitting safe transit over open water for manned craft leveraging unmanned 
platforms, and supporting amphibious operations 
a. Unmanned Lead Ship 
The unmanned ―Lead Ship‖ would duplicate the shape, signature, 
and emissions of a landing craft air cushion-class hovercraft (LCAC). This vehicle would 
also have intelligent navigation capability, and an UxS payload for beach head 
operations. 
b. Unmanned Countermeasure USV 
The unmanned countermeasure USV woud have the capability to 
autonomously detect and recognize threats. It would have a countermeasure launch 
system, autonomous targeting, and be equipped with small explosives (flare, chaff, 
flechette). This concept also involves a sacrificial UAV net. 
7. Local ISR Systems 
Providing battlefield data with immediacy and accuracy, refining intelligence on 
the ground. To support strike and targeting operations 
a. UxS ISR Net  
This concept uses a UAV in flight delivered by a mothership or 
conventional submerged payload. It is a perched UAV below canopy with multi-sensor 
data fusion for assets, target recognition and tracking capability, and collaborative 
autonomous positioning ability. However, this concept requires further analysis to find 
the optimum mix of assets. 
b. Parasitic Barnacle 
Self-powered via airflow around host platform; with multiple low-
power electronics (transmission, sensor capabilities, SIGINT, EMP, biometrics, decoy, 
jamming); and would be triggered by tampering, geolocation, interrogation, remote 
signal. 
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8. Kinetic Asset Placement 
Covertly placing assets for future effectiveness and convenience to support 
logistics operations. 
a. Anti-Ballistic Submerged Payload 
Delivered by submarine or air drop this encapsulated anti-ballistic 
weapon would be submerged, and triggered by boost phase plume detection by 
communications/targeting network 
b. Conventional Submerged Payload Module 
Delivered by submarine or air drop, this encapsulated 
UAV/UUV/strike missile would stand by at the bottom until activated. It would be 
triggered by threat detection or remote command through communications/targeting 
network 
c. UxS Mothership (Balloon/Boat) 
This high altitude balloon or long endurance (nuclear fueled) boat, 
would have heavy lift capability, and use autonomous navigation and station keeping 
tools. It would provide intelligent autonomous deployment UxS assets, and autonomous 
maintenance procedures. 
9.  Unsorted Additional Concepts 
a. REMORA UUV 
An unmanned underwater vehicle, deployed from the anti-
submarine warfare (ASW) continuous trail unmanned vessel (ACTUV), with sprint 
capabilities. On deployment, the UUV uses a limited sensor package and information 
provided by the parent vehicle to track and attach to an enemy submarine. The device can 
ping to allow tracking and annoyance of enemy, or be triggered to damage, disable, or 
destroy enemy asset. 
b. Chaotic Communications 
Using research done in chaos theory using the Lorenz attractor, 
this concept hides a signal for transmit in a relatively high-powered bounded chaotic 
term. During transmission, the summed signal appears to be random noise. However, on 
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reception, a driven Lorenz attractor is synchronized and can be used to remove the noise 
to get the original signal. 
c. Quantum Communications 
Using quantum entanglement, binary communications are sent by 
changing the state of one half of the entangled pair and received by reading the state of 
the partner. Such communications would not be susceptible to jamming or eavesdropping 
and would function regardless of range or environment. 
d. Autonomous Unloading Team 
This team of shipboard automation ground vehicles would 
autonomously unload cargo from a standard International Organization for 
Standardization (ISO) container onto a host ship. This would reduce manning as well as 
speed loading and unloading. 
e. Air-Deployed Minefield 
An autonomously-positioned net that encircles high-value assets 
and has regularly spaced explosives. The net is anchored at the bottom by UUVs or USVs 
and the top held aloft by balloons or UAVs. Incoming threats are entangled in the nets 
and destroyed by the detonation of the explosives. 
f. Natural Phenomenon Communications 
Disguise communications as audible sounds that mimic naturally 
occurring audio. Examples include whale sounds, ambient cavitation noise, or bird songs. 
g. Mine Countermeasures Autonomy 
An autonomous team of UUVs that is transited to the suspected 
minefield by a mothership UUV or low-visibility USV. The team is intelligently 
deployed to provide search, classification, and identification in the threat area. 
Neutralization vehicle places a shape charge on the mine threat that can be remotely 
detonated at will. 
h. Unmanned Aircraft Carrier 
A robotic surface craft that is completely unmanned and 
autonomously hosts and provides logistical support for a small fleet of UAVs. Without 
the need to support human life, space can be used much more efficiently, creating a 
smaller target with greater capability at lower cost and less risk to personnel. 
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i. Autonomous Underwater Network for 
Communications/Navigation 
A team of underwater vehicles that autonomously positions itself 
into a self-healing acoustic network to maintain communication with each other and with 
manned assets. Using on-board sensors, feature-based navigation, and other cooperative 
localization methods, positions are well-estimated. Surface craft, buoy relays, and other 
assets can utilize this network for localization and communications in the case that space-
based, air, or RF-reliant assets are frustrated by the enemy. 
j. USV Autonomous Communications Network 
A team of surface vehicles that autonomously positions itself into a 
self-healing RF, laser LOS, or other network to maintain communication with each other 
and with manned assets. Using on-board sensors, feature-based navigation, celestial 
navigation, and other cooperative localization methods, positions are well-estimated. 
Surface craft, air assets, and other systems can utilize this network for localization and 
communications in the case that more traditional assets are frustrated by the enemy. 
k. Autonomous Battering Ram 
Retrofitting a large, older commercial shipping vessel for 
autonomous control can quickly and cheaply create a large and survivable USV. By 
simply sending this vehicle toward a fixed target, it can strike and either cause damage 
with impact or scuttle in an inconvenient location to deny or limit access. 
 
l. Swarming Autonomous Strike 
This idea is to have many small, heterogeneous UxS deployed 
from a large, persistent mothership vehicle. These UAV would be weaponized for either 
hard or soft kills. Hard kill options include explosive bomblets, directed energy, or 
knockout gas. Soft kill could be an electromagnetic pulse (EMP), communications 
interference, ISR payload, cyber attack, or engine fouling substance. 
 
m. Ornithopter 
These UAVs use flapping wings rather than propellers for 
movement, and offer benefits including slower movement, quieter operation, and less 
conspicuous bio-inspired form factors. 
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n. Comms Bubbles 
An idea already in development in industry, this concept drops 
expendable, buoyant mini-buoys from a UUV while underway. The buoys float to the 
surface, transmit an information payload, and then scuttle. 
 
o. Networked Acoustic Mines 
A network of mines that are linked via acoustic communications 
could not only provide positive control over the actuation of the mines, but also relay ISR 
information gathered from the region in which they are laid. On potential concept was to 
have a field of mines that acoustically interrogates vehicles entering the area. Vehicles 
that correctly answer the challenge are allowed to pass safely, while other vehicles trigger 
a detonation. 
p. Forward Scout 
A UGV or UAV that can be deployed immediately in advance of 
troops. It would primarily provide information about the location of enemy forces, but 
could also have a remote-controlled weapon or deploy non-lethal personnel 
countermeasures such as malodorant or gas. Such a platform would additionally divide 
enemy attention and draw fire. 
 
q. LCAC Autonomous Lane Following 
Lane clearance of mines is only performed to a certain level of 
confidence, and during transit to the beach, surface assets are at risk from attack. In this 
concept, two autonomous LCAC vehicles with unmanned assets aboard would transit to 
the beach first, taking the brunt of any threats or triggering any potentially remaining 
mines. Additionally, the LCAC operators aboard the manned vehicles would have a 
heads-up augmented reality display that shows the cleared lane as a piloting aid. 
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TEAM PIRANHA CONCEPT ANNEX: 
1. Logistics 
a. H2 Airship  
To support logistics TEAM Piranha proposed an H2 Airship, a 
super-high-altitude loitering station that would provide a communications relay, EO/IR 
optical, solar collector and laser beam power supply, and be a persistent SIGINT 
platform. With the ―Milk Cow‖ autonomous refueler presented earlier, these two 
platforms working in tandem would be sufficient to support the UxS fleet deployed in 
this scenario. 
2. Communications 
a.  Laser pulse comms 
The laser pulse communications device would be used to send 
information laterally or vertically. 
b. “Flash drive” buoy 
The ―flash drive‖ buoy concept involves a data node to pass 
information to a submarine to and from a distributed network. The buoy would be 
deployed (dropped in) to give instructions to the network 
c. UUV “data mule”  
This UUV ―data mule‖ would go to each network and 
communicate in situ in real time. 
d. “Text” to voice 
This concept allows UxS to communicate with personnel using 
standard communication channels. For example, a UAV could inform all members of a 
boarding party of threats from obscured areas of the deck of an enemy vessel of interest. 
e. Voice to text 
This concept would allow surface warfare officers (SWOs) to take 
down notes more easily and accurately by allowing transmission of numerical 
information (viz., grid coordinates) with less error. 
f. Auto generating cell network 
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The idea here was to drop local ―cell-towers-in-a-suitcase‖ to deny 
adversary control of cell transmissions. It could also enable the social network reporting 
going on within the local population to continue. 
3. ISR 
a.  JELI-s 
The Joint Expendable Low Profile Information system (JELI-s) is 
a distributed passive network to listen for submerged objects. The JELI-s are biomimetic 
micro USVs that work with an active sonar ping generating platform (semi-sub), and drift 
with the current. 
b. Surf zone ISR system 
This integrated ISR system would be used to gather local 
information, and take and analyze sand samples for amphibious operations. It could also 
identify and relay location of local obstacles and mines, and provide surveillance of 
adversary activities like obstacle construction or mining. A strength of this system is that 
it can gather a plethora of remote information, and is capable of long term passive 
information gathering to build situational understanding. This surf zone ISR system could 
also transition to an active role to destroy obstacles. For more detailed information see 
briefing for the JPL SEASTAR concept and briefing for NPS study on surf zone mine 




Figure 58. Autonomous Leerwater Vehicle (ALUV) OR Autonomous 
“Legged” Vehicle 
IMAGE SOURCE: “A Combat Simulation Analysis Of Autonomous Legged 
Underwater Vehicles,” presentation by Edwin E. Middlebrook, Department 
of Mathematics, NPS 
a.  Gremlins 
The concept here is to saturate Natuna Besar with mobile robot 
disrupters (see Figure 58). These micro vehicles include:  
1) Sniffers: Follow ―plumes‖ and detonate fuel, follow noise 
to generators, pumps, etc…, follow EM signature to 
transmitters, etc…, and us IR to find enemy personnel 
2) Roving disrupters: would be capable of RF jamming and 
EM signature spoofing 
3) Mobile precision submunitions: Munitions move after 
landing; for example, crater charges that maximize 
likelihood of damaging only the runway 
b. Fouling agents or foreign object damage (FOD) producers 
Examples of this concept include semi-mobile ―tanglefoot‖ UUVs 
to foul props or water intakes of enemy vehicles, or an artificial jellyfish swarm sent into 
a harbor. 
5. Defensive weapons 
a. Satellite boring 
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This concept involves counter-surveillance of Chinese limpets on 
friendly satellites; also placing Limpets on Chinese satellites for command activated 
destruction of communications and GPS capability. 
b. “Laser” ships vs. anti-ship missiles 
This concept involves placing a ―laser‖ on converted cargo ships, 
and adding UxS launchers. 
c. Observed UxS behavior classification 
Passive ―Identification, friend or foe‖ (IFF) unit would be able to 
detect ―turned‖ UxS (i.e. captured or in-situ hacked systems). This system would also be 
able to predict future actions of adversary UxS. 
d. “Skynet”  
(no, not the one from Terminator)  
This concept is a ship-deployed net to screen incoming UAVs. It 
consists of an electrified mesh held up by either airships or kites, designed to ―kill‖ 
UAVs caught in it. This system could also disrupt UAV navigation, and could 
periodically scan ship hulls for attached threats (limpet mines). Skynet could also be 
deployed to capture adversary UAVs for study or ―turning.‖  This system is inexpensive 
and low-visibility. 
6. Offensive Weapons 
a. Sea floor based missile systems 
This system uses a buoy communications link to fire at pre-set 
target parameters. 
b. Swarm of Nano bugs 
This swarm of micro vehicles would be equipped with small 
charge munitions, and would target the head of enemy personnel or equipment (i.e. an 
AK-47). 
c. Angler-Fish 
The Angler-Fish is a UUV launched UAV with a missile system to 
bait the enemy SAM sites, and then destroy them with a missile. 
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TEAM SILVER FOX CONCEPT ANNEX: 
1. Dual Launch Platforms  
This concept employs a UAV launch and UUV launch and recovery platform. It 
includes a ―moon pool‖ for deployment and recovery. The idea here was that the ISO 
Container vessel could be modified to appear to be a commercial ship but actually have 
hidden capabilities that would evade normal outward inspection and include the ability to 
launch more sophisticated air and maritime payloads.  By using a moon pool and 
loitering in an area for some period of time – the shipping container could actually deploy 
and control maritime assets. 
2. Modified Shipping Container C2 Center 
The modified shipping container C2 center is a currently existing asset (see 
Figure 59), but TEAM Silver Fox proposes using it in an evolutionary way in this 
scenario. It could be employed on the actual ISO container vessel (loaded covertly as 
with similar tactical ISO contained capabilities) to coordinate the ISO van contained UxS 
that are deployed from this covert platform.  In that way all of the covert systems can be 
used independently or integrated into existing tactical command and control networks. 
 
 
Figure 59. Shipping container C2 module concept exterior (top) and interior (bottom)  
IMAGE SOURCE: Northrop Grumman 
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APPENDIX D: PARTICIPANT POLL INSTRUMENT 
This participant poll was distributed on the final morning of the CRUSER WIW 2011. 
Analysis of collected responses was the basis of the Lesson Learn section of this report, 




Warfare Innovation Workshop Feedback 
 
19 – 22 September 2011 
 
This form is designed to capture your feedback to be used in process improvement for 
future workshops. Your feedback is very important to NWDC and CRUSER.  Feel free to 
add additional comments if you think they are appropriate but not specifically asked in a 
question below.   All responses are anonymous and will be kept confidential.  Thank you 
for your support in continuous process improvement! 
 
1. Warfare designator or Civilian__________Years of service or in profession_______  
Areas of expertise and 
interest_____________________________________________________________ 
 
2. Participation in the Warfare Innovation Workshop positively impacted my thinking 
and problem solving and improved my understanding of how to innovate. 
 
Strongly disagree             Strongly agree 
1  2  3  4  5 
 





4. Warfare Innovation Workshops as presented would add value to the Navy? 
 
Strongly disagree            Strongly agree 
1  2  3  4  5 
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7. The Warfare Innovation Workshop you attended was 3.5 days long.  Which of the 
following workshop lengths would be the most beneficial? 
 
____ 1.5 days  
____ 3 Days 
____ 5 Days  







8. The Warfare Innovation Workshop you attended had various presenters and 
facilitators.  Please provide feedback on what was valuable and what could be 
improved relating to each of the following presentations: 
 























9. A SAKAI site was set up to facilitate information flow and communication.  Did you 
use it and if so, what information was of use to you?  If you didn’t use it please 







10. The Navy should create a central website for submitting innovative ideas.   
 
Strongly disagree       Strongly agree 
1  2  3  4  5 
 
 
11. If you could change one thing in the Navy that would improve innovative thinking, 






12. What recommendations do you have for improvement of innovative Concept 






13. Is there anything you would like to add that wasn’t asked? 
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APPENDIX E: CRUSER MISSION THREAD 




Figure 60. CRUSER Director, Jeff Kline, introducting the CRUSER Mission Thread in a plenary 
session of the CRUSER WIW 2011 
Photo by PO1 Rubio, NPS 
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